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PROBLEM TO BE SOLVED: To perform a pattern formation 
exceeding the wavelength limit in fining of a separating 
pattern or hole pattern by using a fine pattern forming 
material which mainly contains a water-soluble resin, a 
mixture of water-soluble resins, or a copolymer of 
water-soluble resins, and causes a crosslinking reaction in 
the presence of acid. 

SOLUTION: A fine pattern forming material which mainly 
contains one water-soluble resin, a mixture of two or more 
of water-soluble resins, or a copolymer of two or more of 
water-soluble resins, and causes a crosslinking reaction in 
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the presence of acid is used. In the manufacture of a 
semiconductor device, a resist pattern 1a containing a 
material generating acid by exposure is covered with a resist 
2 containing a material crosslinked in the presence of acid. 
The acid is generated in the resist pattern 1a by heating or 
exposure, and a crosslinked layer 4 generated on the 
interface is formed as the covering layer of the resist pattern 1a to thicken the resist pattern 1a. 
Thus, the resist hole diameter and the separating width can be reduced. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The detailed pattern formation ingredient which uses one kind of water soluble resin, or 
two kinds or more of said water soluble resin of mixture, or the copolymerization object by two or 
more kinds of said water soluble resin as a principal component, and is characterized by producing 
crosslinking reaction by existence of an acid. 

[Claim 2] The detailed pattern formation ingredient according to claim 1 characterized by using one 
kind in polyacrylic acid, a polyvinyl acetal, a polyvinyl pyrrolidone, polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, a styrene maleic anhydride copolymer, a polyvinyl amine, the 
poly allylamine, oxazoline radical content water soluble resin, water-soluble melamine resin, a 
water-soluble urea-resin, an alkyd resin, and a sulfonamide, or these two kinds or more of mixture, 
or these salts as a principal component as said water soluble resin. 

[Claim 3] The detailed pattern formation ingredient which uses one kind of a water-soluble cross 
linking agent, or two kinds or more of said water-soluble cross linking agent of mixture as a principal 
component and is characterized by producing crosslinking reaction by existence of an acid. 
[Claim 4] The detailed pattern formation ingredient according to claim 3 characterized by using one 
kind or these two kinds or more of mixture of a melamine derivative, a urea derivative, 
benzoguanamine, and the glycoluryl as a principal component as said water-soluble cross linking 
agent. 

[Claim 5] The detailed pattern formation ingredient according to claim 4 characterized by using one 
kind or such mixture of a melamine and the alkoxy methylene melamines as a principal component as 
said melamine derivative. 

[Claim 6] The detailed pattern formation ingredient according to claim 4 characterized by using one 
kind or these two kinds or more of mixture of a urea, alkoxy methyleneurea, N-alkoxy 
methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid as a principal component as 
said urea derivative. 

[Claim 7] The detailed pattern formation ingredient which uses one kind of water soluble resin or 
two kinds or more, one kind of a water-soluble cross linking agent, or two kinds or more of mixture 
as a principal component, and is characterized by producing crosslinking reaction by existence of an 
acid. 

[Claim 8] The detailed pattern formation ingredient according to claim 7 characterized by using 
either of the mixture of a melamine derivative, a urea derivative or a melamine derivative, and a urea 
derivative as said water-soluble cross linking agent, using either of the mixture of a polyvinyl acetal, 
polyvinyl alcohol or polyvinyl alcohol, and a polyvinyl acetal as said water soluble resin. 
[Claim 9] The detailed pattern formation ingredient according to claim 1 to 8 characterized by 
including a plasticizer as an additive. 
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[Claim 10] The detailed pattern formation ingredient according to claim 1 to 8 characterized by 
including a surfactant as an additive. 

[Claim 1 1] The process which forms the 1st resist pattern which may generate an acid on a 
semi-conductor base material by the 1st resist, The process which forms the 2nd resist which 
causes crosslinking reaction by existence of an acid on said 1st resist pattern, Down stream 
processing which forms the bridge formation film in the part which touches said 1st resist pattern of 
said 2nd resist by supply of the acid from said 1st resist pattern, The manufacture approach of the 
semiconductor device characterized by including the process which exfoliates the part of said 2nd 
resist non-constructing a bridge, and forms the 2nd resist pattern, and the process which etches 
said semi-conductor base material by using this 2nd resist pattern as a mask. 
[Claim 12] The manufacture approach of the semiconductor device according to claim 11 
characterized by forming said 1st resist pattern by the resist which generates an acid by 
heat-treatment. 

[Claim 13] The manufacture approach of the semiconductor device according to claim 1 1 
characterized by forming said 1st resist pattern by the resist which generates an acid by exposure. 
[Claim 14] The manufacture approach of the semiconductor device according to claim 11 
characterized by forming said 1st resist pattern by the resist containing an acid. 
[Claim 15] The manufacture approach of the semiconductor device according to claim 11 
characterized by forming said 1st resist pattern by the resist which performed surface preparation 
by the acid liquid or acid gases. 

[Claim 16] The manufacture approach of the semiconductor device according to claim 11 to 15 
characterized by using the resist which uses novolak resin and mixture of a naphthoquinonediazide 
system sensitization agent as a principal component as said 1st resist. 

[Claim 17] The manufacture approach of the semiconductor device according to claim 11 to 15 
characterized by using the chemistry magnification mold resist which has the device in which an 
acid is generated, as said 1st resist. 

[Claim 18] The manufacture approach of the semiconductor device according to claim 11 
characterized by using said detailed pattern formation ingredient according to claim 1 to 10 as said 
2nd resist. 

[Claim 19] The manufacture approach of the semiconductor device according to claim 11 
characterized by controlling reacting weight with said 1st resist by adjusting the amount of mixing of 
said water soluble resin and said water-soluble cross linking agent, using said detailed pattern 
formation ingredient according to claim 7 as said 2nd resist. 

[Claim 20] The manufacture approach of the semiconductor device according to claim 1 1 
characterized by controlling reacting weight with said 1st resist by adjusting the degree of 
acetalization of said polyvinyl acetal, using said detailed pattern formation ingredient according to 
claim 8 as the 2nd resist. 

[Claim 21] The manufacture approach of the semiconductor device according to claim 11 to 20 
characterized by using water or a water-soluble mixed solvent as a solvent of said 2nd resist. 
[Claim 22] The manufacture approach of a semiconductor device given in claim 1 1 characterized by 
forming said bridge formation film in contact with the front face of said 1st resist pattern by 
heat-treating said 1st resist pattern and said 2nd resist formed on said 1st resist pattern thru/or 
any 1 term of 21. 

[Claim 23] By exposing a predetermined field from on said 2nd resist formed on said 1st resist 
pattern and said 1st resist pattern, there is nothing to claim 1 1 characterized by forming said bridge 
formation film in said predetermined field of said 1st resist pattern, and it is the manufacture 
approach of a semiconductor device given in either of 21. 

[Claim 24] There is nothing to claim 1 1 which carries out electron beam irradiation of except for the 
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predetermined field of said 1st resist pattern, and is characterized by forming said 2nd resist on this 
1st resist pattern by which electron beam irradiation was carried out, and forming said bridge 
formation film in said predetermined field of said 1st resist pattern, and it is the manufacture 
approach of a semiconductor device given in either of 21. 

[Claim 25] The semiconductor device characterized by manufacturing by the manufacture approach 
of the semiconductor device indicated to said claim 1 1 thru/or either of 24. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In a semi-conductor process, in case this invention forms a resist pattern, it 
relates to the formation approach of the ingredient for detailed separation resist patterns which 
reduces the separation size or hole opening size of a pattern, and the detailed separation pattern 
using it, the manufacture approach of the semiconductor device using this detailed separation resist 
pattern further, and the semiconductor device manufactured by this manufacture approach. 
[0002] 

[Description of the Prior Art] Wiring and separation width of face which are required of a 
manufacture process are made detailed very much with high integration of a semiconductor device. 
Generally, formation of a detailed pattern forms a resist pattern with a photolithography technique, 
and is performed by the approach of etching the various thin films of a substrate by using the 
formed resist pattern as a mask after that. 

[0003] Therefore, in formation of a detailed pattern, a photolithography technique becomes very 
important. The photolithography technique consists of resist spreading, mask alignment, exposure, 
and development, and the limitation has produced it from constraint of exposure wavelength in 
detailed-ization to detailed-izing. Furthermore, it was difficult to control the etching-proof nature of 
a resist by the conventional lithography process, and it was impossible to have controlled the shape 
of surface type, such as to carry out surface roughening of the pattern side-attachment-wall front 
face after etching, by control of etching-proof nature. 
[0004] 

[Problem(s) to be Solved by the Invention] As explained above, formation of the detailed resist 
pattern which exceeds the limitation of the wavelength with the photolithography technique by the 
conventional exposure was difficult. This invention offers the detailed separation resist pattern 
formation technique using this, and offers the technique to which control carries out surface 
roughening of the shape of pattern side-attachment-wall surface type after difficult etching with the 
conventional lithography technique in detailed-izing of a separation pattern and a hole pattern while 
it offers the water-soluble ingredient which does not dissolve the substrate resist which realizes 
detailed separation resist pattern formation which makes pattern formation exceeding a wavelength 
limitation possible. Furthermore the manufacture approach of the semiconductor device using that 
detailed separation resist pattern formation technique tends to be offered, and it is going to offer 
the semiconductor device manufactured by this manufacture approach. 
[0005] 

[Means for Solving the Problem] The detailed pattern formation ingredient of this invention uses one 
kind of water soluble resin, or two kinds or more of said water soluble resin of mixture, or the 
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copolymerization object by two or more kinds of said water soluble resin as a principal component, 
and is characterized by producing crosslinking reaction by existence of an acid. 

[0006] Moreover, the detailed pattern formation ingredient of this invention is characterized by using 
one kind in polyacrylic acid, a polyvinyl acetal, a polyvinyl pyrrolidone, polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, a styrene maleic anhydride copolymer, a polyvinyl amine, the 
poly allylamine, oxazoline radical content water soluble resin, water-soluble melamine resin, a 
water-soluble urea-resin, an alkyd resin, and a sulfonamide, or these two kinds or more of mixture, 
or these salts as a principal component as said water soluble resin. 

[0007] Moreover, the detailed pattern formation ingredient of this invention uses one kind of a 
water-soluble cross linking agent, or two kinds or more of said water-soluble cross linking agent of 
mixture as a principal component, and is characterized by producing crosslinking reaction by 
existence of an acid. Moreover, the detailed pattern formation ingredient of this invention is 
characterized by using one kind or these two kinds or more of mixture of a melamine derivative, a 
urea derivative, benzoguanamine, and the glycoluryl as a principal component as said water-soluble 
cross linking agent. 

[0008] Moreover, the detailed pattern formation ingredient of this invention is characterized by using 
one kind or such mixture of a melamine and the alkoxy methylene melamines as a principal 
component as said melamine derivative. Moreover, the detailed pattern formation ingredient of this 
invention is characterized by using one kind or these two kinds or more of mixture of a urea, alkoxy 
methyleneurea, N-alkoxy methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid as a 
principal component as said urea derivative. 

[0009] Moreover, the detailed pattern formation ingredient of this invention uses one kind of water 
soluble resin or two kinds or more, one kind of a water-soluble cross linking agent, or two kinds or 
more of mixture as a principal component, and is characterized by producing crosslinking reaction by 
existence of an acid. Moreover, the detailed pattern formation ingredient of this invention is 
characterized by using either of the mixture of a melamine derivative, a urea derivative or a 
melamine derivative, and a urea derivative as said water-soluble cross linking agent, using either of 
the mixture of a polyvinyl acetal, polyvinyl alcohol or polyvinyl alcohol, and a polyvinyl acetal as said 
water soluble resin. 

[0010] Moreover, the detailed pattern formation ingredient of this invention is characterized by 
including a plasticizer as an additive. Moreover, the detailed pattern formation ingredient of this 
invention is characterized by including a surfactant as an additive. 

[0011] Next, the process in which the manufacture approach of the semiconductor device this 
invention forms the 1st resist pattern which may generate an acid on a semi-conductor base 
material by the 1st resist, The process which forms the 2nd resist which causes crosslinking 
reaction by existence of an acid on said 1st resist pattern, Down stream processing which forms the 
bridge formation film in the part which touches said 1st resist pattern of said 2nd resist by supply of 
the acid from said 1st resist pattern, It is characterized by including the process which exfoliates 
the part of said 2nd resist non-constructing a bridge, and forms the 2nd resist pattern, and the 
process which etches said semi-conductor base material by using this 2nd resist pattern as a mask. 
[0012] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by forming said 1st resist pattern by the resist which generates an acid by 
heat-treatment. Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by forming said 1st resist pattern by the resist which generates an acid by exposure. 
[0013] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by forming said 1st resist pattern by the resist containing an acid. Moreover, the 
manufacture approach of the semiconductor device this invention is characterized by forming said 
1st resist pattern by the resist which performed surface preparation by the acid liquid or acid gases. 
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[0014] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by using the resist which uses novolak resin and mixture of a naphthoquinonediazide 
system sensitization agent as a principal component as said 1st resist. Moreover, the manufacture 
approach of the semiconductor device this invention is characterized by using the chemistry 
magnification mold resist which has the device in which an acid is generated, as said 1st resist. 
[0015] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by using said detailed pattern formation ingredient according to claim 1 to 1 1 as said 
2nd resist. Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by controlling reacting weight with said 1st resist by adjusting the amount of mixing of 
said water soluble resin and said water-soluble cross linking agent, using said detailed pattern 
formation ingredient according to claim 7 as said 2nd resist. 

[0016] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by controlling reacting weight with said 1 st resist by adjusting the degree of 
acetalization of said polyvinyl acetal, using said detailed pattern formation ingredient according to 
claim 8 or 9 as the 2nd resist. Moreover, the manufacture approach of the semiconductor device 
this invention is characterized by using water or a water-soluble mixed solvent as a solvent of said 
2nd resist. 

[0017] Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by forming said bridge formation film in contact with the front face of said 1st resist 
pattern by heat-treating said 1st resist pattern and said 2nd resist formed on said 1st resist 
pattern. Moreover, the manufacture approach of the semiconductor device this invention is 
characterized by forming said bridge formation film in said predetermined field of said 1st resist 
pattern by exposing a predetermined field from Kami of said 2nd resist formed on said 1st resist 
pattern and said 1st resist pattern. 

[0018] Moreover, the manufacture approach of the semiconductor device this invention carries out 
electron beam irradiation of except for the predetermined field of said 1st resist pattern, and is 
characterized by forming said 2nd resist on this 1st resist pattern by which electron beam 
irradiation was carried out, and forming said bridge formation film in said predetermined field of said 
1 st resist pattern. Moreover, the semiconductor device of this invention is characterized by 
manufacturing by the manufacture approach of each aforementioned semiconductor device. 
[0019] 

[Embodiment of the Invention] 

Gestalt 1. drawing 1 of operation is drawing showing the example of the mask pattern for forming the 
target resist pattern by which detailed separation was carried out by this invention, in drawing 1 (a), 
the mask pattern 100 of a detailed hole and drawing 1 (b) show the mask pattern 200 of a detailed 
tooth space, and drawing 1 (c) shows the pattern 300 of the remnants of isolation. Drawing 2 - 
drawing 7 are the process-flow Figs, for explaining the detailed separation resist pattern formation 
approach of the gestalt 1 implementation this invention. 

[0020] First, the detailed separation resist pattern formation approach of the gestalt this operation 
and the manufacture approach of the semiconductor device using this are explained, referring to 
drawing 1 and drawing 2 . First, as drawing 2 (a) shows, the 1st resist 1 which has the device in 
which an acid is generated inside by suitable heat-treatment in the semi-conductor substrate 
(semi-conductor wafer) 3 is applied (about 0.7-1.0 micrometers in for example, thickness). This 1st 
resist 1 is applied with a spin coat etc. on the semi-conductor substrate 3, next gives Puri **-KU (it 
is heat treatment for about 1 minute at 70-110 degrees C), and evaporates the solvent in the 1st 
resist 1. 

[0021] Next, in order to form the 1st resist pattern, g line, i line or Deep-UV, a KrF excimer, an ArF 
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excimer, EB (electron ray), X-ray, etc. carry out projection exposure using the mask containing a 
pattern as shown in drawing 1 using the light source corresponding to the sensibility wavelength of 
the 1st applied resist 1. 

[0022] Either a positive type or negative resist is [ that what is necessary is just a resist using the 
device which an acidic component generates inside a resist by suitable heat-treatment ] OK as the 
ingredient of the 1st resist 1 used here. For example, as the 1st resist, the positive resist which 
consists of novolak resin and a naphthoquinonediazide system sensitization agent is mentioned. 
Furthermore, as the 1st resist, application of the chemistry magnification mold resist using the 
device in which an acid is generated may also be possible, and other things may be used as long as 
it is a resist ingredient using the system of reaction which generates an acid with heating. 
[0023] After exposing the 1st resist 1, if needed, PEB (exposure afterbaking) is performed (for 
example, PEB temperature: 50-130 degrees C), and the resolution of a resist 1 is raised. Next, 
negatives are developed using about 0.05 to 3.0 wt% [, such as TMAH (tetramethylammonium 
hydroxide), ] alkali water bath liquid. Drawing 2 (b) shows 1st resist pattern 1a formed in this way. 
[0024] After performing a development, postdeveloping BEKU may be performed if needed (baking 
temperature is 60-120 degrees C and about 60 seconds). Since this heat treatment influences a 
next mixing reaction, it is desirable to combine with the 1st resist to be used or the 2nd resist 
ingredient, and to set it as suitable temperature. The above is the same as that of formation of the 
resist pattern by the general resist process as a process, if the point of using the 1st resist 1 which 
generates an acid is set aside. 

[0025] Next, as shown in drawing 2 (c), the ingredient of cross-linking which constructs a bridge by 
existence of an acid on the semi-conductor substrate 1 is used as a principal component, and the 
2nd resist 2 dissolved in the solvent which does not dissolve the resist 1 of drawing 1 is applied. If 
spreading to homogeneity is possible for the method of application of the 2nd resist 2 on 1st resist 
pattern 1a, it can also be applied by not being limited especially and immersed into spreading by the 
spray, rotation spreading, or the 2nd resist solution (dipping). Next, this is prebaked after spreading 
of the 2nd resist 2 if needed (for example, 85 degrees C, about 60 seconds), and the 2nd resist layer 
2 is formed. 

[0026] Next, as shown in drawing 2 (d), 1st resist pattern 1a formed in the semi-conductor 
substrate 1 and the 2nd resist 2 formed on this are heat-treated (it is written as MB mixing BEKU 
and if needed [ following ].). 85 degrees C - 150 degrees C whenever [ stoving temperature ] is 
carried out, for example, diffusion of an acid is promoted from the 1st resist pattern 1a, it supplies 
into the 2nd resist 2, and crosslinking reaction is generated in the interface of the 2nd resist 2 and 
1st resist pattern 1a. What is necessary is for the mixing baking temperature / time amount in this 
case to be 85 degree~C-150 degree-C/60-120sec(s), and just to set it as the optimal conditions 
with the class of resist ingredient to be used, and the thickness of the reaction layer to need. It is 
formed into the 2nd resist 2 so that the bridge formation layer 4 which caused crosslinking reaction 
may cover 1st resist pattern 1a with this mixing BEKU. 

[0027] Next, as shown in drawing 2 (e), development exfoliation of the 2nd resist 2 which is not 
constructing a bridge is carried out using the developer of alkali water solutions, such as water or 
TMAH, and 2nd resist pattern 2a is formed. It becomes possible to obtain the resist pattern to which 
the hole bore of a hole pattern or the separation width of face of the Rhine pattern was reduced, or 
the area of an isolated remnants pattern was expanded by the above processing. **. 
[0028] In the above, by the formation approach of the detailed resist pattern explained with 
reference to drawing 2 , after forming the 2nd resist layer 2 on 1st resist pattern 1a, the acid was 
generated in 1st resist pattern 1a by suitable heat-treatment, and how to diffuse to the 2nd resist 2 
was explained. Below, instead of this heat-treatment, how to make an acid emit by exposure is 
explained in advance of heat-treatment. Drawing 3 is a process-flow Fig. for explaining the formation 
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approach of the detailed separation resist pattern in this case. First, since the process of drawing 3 
(a) - (c) is the same as that of drawing 2 (a) - (c), it omits explanation. In addition, as the 1st resist 
1, application of the chemistry magnification mold resist using the device in which an acid is 
generated by exposure is also possible in this case. In a chemistry magnification mold resist, the 
magnification reaction which the generation reaction of the acid catalyst by light, an electron ray, an 
X-ray, etc. occurs, and is triggered by the catalyst of the generated acid is used. 
[0029] Next as shown in drawing 3 (d), the semi-conductor substrate 1 is again exposed completely 
by g line or i line of Hg lamp, an acid is generated in 1st resist pattern 1a, and after forming the 2nd 
resist layer 2 shown by drawing 3 (c), this forms the bridge formation layer 4 near the interface of 
the 2nd resist 2 which touches 1st resist pattern 1a, as shown in drawing 3 (e). 
[0030] What is necessary is the light source used for the exposure at this time to be possible also 
for using Hg lamp, a KrF excimer, an ArF excimer, etc., and not to be limited by exposure especially 
if generating of an acid is possible for it, and just to expose it using the light source and light 
exposure according to the sensitization wavelength of the 1st used resist 1 according to the 
sensitization wavelength of the 1st resist 1. 

[0031] Thus, it exposes after spreading of the 2nd resist 2, and an acid is generated in 1st resist 
pattern 1a, and by adjustment of light exposure, since the amount of the acid generated in 1st resist 
pattern 1a in order to expose 1st resist pattern 1a in the condition of having been covered with the 
2nd resist 2 is correctly controllable in the large range, the thickness of the reaction layer 4 can 
control it with a sufficient precision by the example of drawing 3 . 

[0032] Next, the semi-conductor substrate 1 is heat-treated if needed (for example, 60-130 degrees 
C, mixing BEKU). By this, the acid from the 1st resist pattern 1a is diffused, it supplies into the 2nd 
resist 2, and crosslinking reaction is promoted in the interface of the 2nd resist 2 and 1st resist 
pattern 1a. What is necessary is for the mixing baking temperature / time amount in this case to be 
60-130 degree-C/60-120sec(s), and just to set it as the optimal conditions with the class of resist 
ingredient to be used, and the thickness of the reaction layer to need. It is formed into the 2nd 
resist 2 so that the bridge formation layer 4 which caused crosslinking reaction may cover 1st resist 
pattern 1a with this mixing BEKU. 

[0033] Next, the process of drawing 3 (f) is the same as that of drawing 2 (e). It becomes possible to 
obtain the resist pattern to which a hole bore or the separation width of face of the Rhine pattern 
was reduced, or the area of an isolated remnants pattern was expanded by the above processing. 
[0034] In addition, like the example of the approach explained with reference to drawing 3 , the 
process which generates an acid component in 1st resist pattern 1a by exposure is suitable, when 
the 1st resist 1 and 2nd resist 2 to apply have comparatively low reactivity, when the thickness of 
the bridge formation layer to need is comparatively thick, or especially when equalizing crosslinking 
reaction. 

[0035] Here, the ingredient used for the 2nd resist 2 is explained. As the 2nd resist, the 
independence of the water soluble resin of cross-linking or two or more kinds of those mixture can 
be used. Moreover, the independence of a water-soluble cross linking agent or two or more kinds of 
those mixture are used. Furthermore, the mixture of these water soluble resin and a water-soluble 
cross linking agent is used. When using mixture as the 2nd resist, those ingredient presentations are 
not limited by the 1st resist ingredient to apply or the set-up reaction condition that what is 
necessary is just to especially set up the optimal presentation. 

[0036] As an example of the water-soluble-resin constituent used for the 2nd resist Polyacrylic acid 
as shown in drawing 4 , a polyvinyl acetal, a polyvinyl pyrrolidone, Polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, A styrene-maleic-acid copolymer, polyvinyl amineresin, the 
poly allylamine, Oxazoline radical content water soluble resin, water-soluble melamine resin, a 
water-soluble urea-resin, If a water-soluble cross linking agent and mixing are possible when an 
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alkyd resin, sulfonamide resin, etc. can apply effectively, crosslinking reaction is produced under 
acidic component existence or it does not produce crosslinking reaction, it will not be limited 
especially. Moreover, it is effective even if it uses these independently, and it uses as mixture. 
[0037] You may use as one kind or two kinds or more of mixture, and these water soluble resin can 
be suitably adjusted by reacting weight with the 1st resist 1 of a substrate, a reaction condition, etc. 
Moreover, it is the purpose which raises the solubility to water, and you may use by making these 
water soluble resin into salts, such as a hydrochloride. 

[0038] Next, specifically as a water-soluble cross linking agent which can be used for the 2nd resist, 
amino system cross linking agents, such as melamine system cross linking agents, such as urea 
system cross linking agents, such as a urea as shown in drawing 5 , alkoxy methyleneurea, N-alkoxy 
methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid, a melamine, and an alkoxy 
methylene melamine, benzoguanamine, and glycoluryl, etc. are applicable. However, it will not be 
limited especially if it is the water-soluble cross linking agent which produces bridge formation not 
with the thing limited to especially an amino system cross linking agent but with an acid. 
[0039] As a water-soluble concrete resist ingredient furthermore used for the 2nd resist, it is 
effective independent or independent or to also mix and use [ of water soluble resin which was 
mentioned above / of a water-soluble cross linking agent which was similarly mentioned above into 
mixture ] mixture mutually. For example, specifically, mixing and using a methoxy methylol melamine 
or an ethylene urea as a water-soluble cross linking agent as the 2nd resist, using polyvinyl-acetal 
resin as a water-soluble-resin constituent etc. is mentioned. In this case, since water solubility is 
high, the preservation stability of a mixed solution is excellent. In addition, it will not be limited 
especially if it is the ingredient which is meltable to water solubility or the water-soluble solvent 
which does not dissolve the 1st resist pattern as for the ingredient applied to the 2nd resist, and 
produces crosslinking reaction under existence of an acid component. 

[0040] In addition, although it is as having explained previously that acid generating by the 
re-exposure to 1st resist pattern 1a is not performed, but crosslinking reaction can be realized only 
by heat-treatment, it is desirable to choose a suitable reactant high ingredient as the 2nd resist 2 in 
this case, and to perform suitable heat-treatment (for example, 85 degrees C - 150 degrees C). It is 
effective to specifically use for polyvinyl-acetal resin an ethylene urea, polyvinyl alcohol and an 
ethylene urea, or the water-soluble ingredient constituent that mixed these at a suitable rate as 2nd 
resist ingredient in this case. 

[0041] Next, in this invention, it is important to control the crosslinking reaction of the 1st resist 1 
and the 2nd resist 2, and to control the thickness of the bridge formation layer 4 formed on 1st 
resist pattern 1a. As for control of crosslinking reaction, it is desirable to optimize according to the 
reactivity of the 1st resist 1 and the 2nd resist 2 to apply, the configuration of 1st resist pattern 1a, 
the thickness of the crosslinking reaction layer 4 to need, etc. 

[0042] Control of the crosslinking reaction of the 1st resist and the 2nd resist has the technique by 
adjustment of process conditions, and the technique of adjusting the presentation of the 2nd resist 
ingredient, as the process control technique of crosslinking reaction — (1) — the technique of 
adjusting (2) MB (mixing BEKU) temperature and the processing time which adjust the light exposure 
to 1st resist pattern 1a is effective. Especially, it heats, and by adjusting the time amount (MB time 
amount) which constructs a bridge, it is possible to control the thickness of a bridge formation layer, 
and it can be called the technique in which a reaction controllability is very high. Moreover, the 
technique of controlling reacting weight with the 1st resist from the field of the ingredient 
presentation used for the 2nd resist by mixing the suitable, water-soluble cross linking agent for (3) 
(4) which controls reacting weight with 1st resist by mixing two or more kinds of suitable water 
soluble resin, and adjusting the mixing ratio water soluble resin, and adjusting the mixing ratio is 
effective. 
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[0043] the thickness of the bridge formation layer which does not opt for control of such 
crosslinking reaction unitary, and (3) 3 [ the configuration of the reactivity of the 2nd resist 
ingredient and the 1st resist ingredient to apply, and the (1) (2) 1st resist pattern, thickness, and ] 
need and (4) — it is necessary to take into consideration and determine conditions with various 
usable exposure conditions or MB conditions, (5) spreading conditions, etc. [ however, ] When, 
especially as for the reactivity of the 1st resist and the 2nd resist, the presentation of the 1st resist 
ingredient shows being influenced, therefore it actually applies this invention, it is desirable to take 
into consideration the factor mentioned above and to optimize the 2nd resist ingredient constituent. 
Therefore, especially the class and its presentation ratio of the water-soluble ingredient used for 
the 2nd resist are not limited, and are optimized and used according to the class of ingredient to be 
used, heat treatment conditions, etc. 

[0044] In addition, plasticizers, such as ethylene glycol, a glycerol, and triethylene glycol, may be 
added to the 2nd resist ingredient with an additive, moreover, the 2nd resist ingredient — being 
related — a purpose [ top / membrane formation disposition ] — carrying out — the surfactant by 
3M company, for example, Fluorad, and Mitsuhiro — formation — water-soluble surfactants, such as 
shrine NONIPORU, may be added as an additive. 

[0045] Next, the solvent used for the 2nd resist is explained. Although it is required for the solvent 
used for the 2nd resist not to dissolve the pattern of the 1st resist and to fully dissolve a 
water-soluble ingredient further, it will not be limited especially if it is the solvent which fills this. For 
example, what is necessary is just to use the independence of water-soluble organic solvents, such 
as alcoholic solvent, such as water (pure water) or water, and IPA, or N-methyl pyrrolidone, or a 
mixed solution as a solvent of the 2nd resist. 

[0046] What is necessary is it to be possible to use alcohols, such as ethanol, a methanol, and 
isopropyl alcohol, gamma-PUCHIRO lactone, an acetone, etc., and just to mix in the range which 
does not dissolve the 1 st resist pattern as a solvent mixed in water, according to the solubility of 
the ingredient used for the 2nd resist, if it is water solubility, and it is not limited especially and an 
example is given. 

[0047] Now, although the above example explained how to form a detailed resist pattern all over the 
semi-conductor substrate 1, how to form a detailed resist pattern alternatively only in the request 
field of the semi-conductor substrate 1 next is explained. Drawing 6 R> 6 is the process-flow Fig. of 
the manufacture approach in this case. First, the process of drawing 6 (a) - (c) is the same as that 
of drawing 3 (a) - (c). Like drawing 6 (c), after forming the 2nd resist layer 2 next, as shown in 
drawing 6 (d), it shades with a gobo 5, some semi-conductor substrates 3 are again exposed by g 
line or i line of Hg lamp to the selected field, and an acid is generated in 1st resist pattern 1a. This 
forms the bridge formation layer 4 near the interface of the 2nd resist 2 which touches 1st resist 
pattern 1a in the exposed part, as shown in drawing 6 (e). 

[0048] Since the process of subsequent drawing 6 (f) is the same as the process of drawing 3 (f), 
explanation is omitted. Thus, in the field in which the semi-conductor substrate 3 was chosen, the 
bridge formation layer 4 is formed on 1st resist pattern 1a, and it can avoid forming a bridge 
formation layer in the 1st resist pattern in other fields, as shown in drawing 6 (f). According to such 
a formation approach, by using a suitable exposure mask, it can expose alternatively on the 
semi-conductor substrate 1, a part for an exposure part and an unexposed part can be 
distinguished, and the 2nd resist pattern can form the field which constructs a bridge in a boundary 
part with the 1st resist pattern, and the field which does not construct a bridge. Thereby, the 
detailed hole or detailed tooth space of a different dimension on the same semi-conductor substrate 
can be formed. 

[0049] Drawing 7 is the process-flow Fig. of other formation approaches for forming a detailed resist 
pattern alternatively only in the request field of the semi-conductor substrate 1. First, the process 
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of drawing 7 (a) - (c) is the same as that of drawing 2 (a) - (c). Like drawing 7 R> 7 (c), after forming 
the 2nd resist layer 2 next, as shown in drawing 7 (d), the field where the semi-conductor substrate 
3 was chosen is covered with the electron ray shield 6, and an electron ray is irradiated to other 
fields. Next, if it heat-treats at the process of drawing 7 (e), a bridge formation layer will not be 
formed in the field which irradiated the electron ray, but a bridge formation layer will be formed only 
in the predetermined field which covered electron beam irradiation. 

[0050] Since the process of subsequent drawing 7 (f) is the same as the process of drawing 2 (f) t 
explanation is omitted. Thus, in the field in which the semi-conductor substrate 3 was chosen, the 
bridge formation layer 4 is formed on 1st resist pattern 1a, and it can avoid forming a bridge 
formation layer in the 1st resist pattern in other fields, as shown in drawing 7 (f). Thereby, the 
detailed hole or detailed tooth space of a different dimension on the same semi-conductor substrate 
can be formed. 

[0051] As mentioned above, although the formation approach which forms a detailed separation 
resist pattern upwards at the semi-conductor substrate 3 was explained to the detail, the detailed 
separation resist pattern of this invention may not be restricted on the semi-conductor substrate 3, 
may be formed on insulating layers, such as silicon oxide, according to the manufacture process of a 
semiconductor device, and may be formed on conductive layers, such as polish recon film. Thus, 
formation of the detailed separation resist pattern of this invention is not restrained by the 
substrate film, if it is on the base material which can form a resist pattern, in which case, will be 
applicable and will be formed on a base material as occasion demands. Suppose that these are 
named generically and a semi-conductor base material is called. 

[0052] Moreover, in this invention, semi-conductor base materials, such as a semi-conductor 
substrate of a substrate or various thin films, are etched by using as a mask the detailed separation 
resist pattern formed as mentioned above, a detailed tooth space or a detailed hole is formed in a 
semi-conductor base material, and a semiconductor device is manufactured. Moreover, it is effective 
in surface roughening of the base material pattern side-attachment-wall front face after etching 
being carried out by setting up appropriately the ingredient of the 2nd resist and an ingredient 
presentation, or MB temperature, and etching a semi-conductor base material by using as a mask 
the detailed separation resist pattern which formed the bridge formation layer on the 1st resist, and 
was obtained. 

[0053] Gestalt 2. drawing 8 of operation is a process-flow Fig. for explaining the detailed separation 
resist pattern formation approach of the gestalt 2 implementation this invention. With reference to 
drawing 1 and drawing 8 , the formation approach of the detailed separation resist pattern of the 
gestalt 2 this operation and the manufacture approach of the semiconductor device using this are 
explained. 

[0054] First, as shown in drawing 8 (a), the 1st resist 11 which contains some acid inside is applied 
to the semi-conductor substrate 3. The 1st resist 11 carries out projection exposure using the mask 
containing a pattern like drawing 1 using g line or i line of Hg lamp, after prebaking (it is heat 
treatment for about 1 minute at 70-100 degrees C) (it is omitting in drawing 8 ). Drawing 8 (b) shows 
1 st resist pattern 1 1a formed in this way. As an ingredient of the 1 st resist 1 1 used here, what was 
explained with the gestalt 1 of operation is used effectively. The detailed explanation is omitted in 
order to avoid duplication. Moreover, specifically as an acid included in the 1st resist 11, the 
low-molecular acid of a carboxylic-acid system etc. is suitable. 

[0055] Then, after heat-treating by PEB (10-130 degrees C) and raising the resolution of a resist if 
needed, negatives are developed using about 2.0% dilution water bath liquid of TMAH 
(tetramethylammonium hydroxide). Then, postdeveloping BEKU may be performed if needed. Since 
this heat treatment influences a next mixing reaction, it is necessary to set it as suitable 
temperature. The above is the same as that of formation of the resist pattern by the conventional 
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resist process as a process, if the point of using the resist 1 1 containing an acid is set aside. 
[0056] Next, as shown in drawing 8 (c) after the pattern formation of drawing 8 (b), the cross-linking 
ingredient which constructs a bridge by existence of an acid on the semi-conductor substrate 3 is 
used as a principal component, and the 2nd resist 12 melted by the solvent which does not dissolve 
the 1st resist 11 is applied. The ingredient of the 2nd resist 12 used here and its solvent can apply 
what was stated with the gestalt 1 of operation, and the same thing, and are effective. The detailed 
explanation is omitted in order to exclude duplication. . Next, this is prebaked after spreading of the 
2nd resist 12 if needed. Since this heat treatment influences a next mixing reaction, it is desirable to 
set it as suitable temperature. 

[0057] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), and crosslinking 
reaction is made to cause near the interface with 1st resist pattern 11a of the 2nd resist 12 by 
supply of the acid from some acid contained in 1st resist pattern 11a, as shown in drawing 8 (d). The 
bridge formation layer 14 which caused crosslinking reaction by this so that 1st resist pattern 11a 
might be covered is formed into the 2nd resist 12. 

[0058] Next, as shown in drawing 8 (f), development exfoliation of the part over which the 2nd resist 
12 is not constructing a bridge using developers, such as water or TMAH, is carried out. It becomes 
possible to obtain the resist pattern which reduced the hole bore of a hole pattern, or the separation 
width of face of the Rhine pattern, or the resist pattern to which the area of an isolated remnants 
pattern was expanded by the above processing. 

[0059] As mentioned above, the 1st resist 1 1 in the gestalt 2 of this operation does not have the 
need of generating an acid by exposure, and it diffuses that acid by heat treatment, and he is trying 
to make it it to be adjusted so that an acid may be included in resist film 1 1 the very thing, and 
construct a bridge. As an acid included in this 1st resist 1 1, although the low-molecular acid of a 
carboxylic-acid system etc. is suitable, if mixing in a resist solution is possible, especially limitation 
will not be carried out. 

[0060] Moreover, it is the same as that of the gestalt 1 of the operation described previously to 
form this detailed separation resist pattern on various kinds of semi-conductor base materials, and 
to form [ hole / a detailed separation tooth space or / detailed ] it on a semi-conductor base 
material, using this as a mask. 

[0061] Gestalt 3. drawing 9 of operation is a process-flow Fig. for explaining the formation approach 
of the detailed separation resist pattern of the gestalt 3 implementation this invention. With 
reference to drawing 1 and drawing 9 , the formation approach of the detailed separation resist 
pattern of the gestalt 3 this operation and the manufacture approach of the semiconductor device 
using this are explained. 

[0062] First, as shown in drawing 9 (a), the 1st resist 21 is applied to the semi-conductor substrate 
3. After prebaking to the 1st resist 21 (it is heat treatment for about 1 minute at 70 to 100 degree 
C), projection exposure is carried out using the mask containing a pattern like drawing 1 R> 1 using g 
line or i line of Hg lamp, corresponding to the sensitization wavelength of the 1st resist 21 
(illustration is omitted in drawing 9 ). As an ingredient of the 1st resist 21 used here, what was 
explained with the gestalt 1 of operation is used effectively. The detailed explanation is omitted in 
order to avoid duplication. 

[0063] Next, after it heat-treats by PEB (10-130 degrees C) and a resist carries out improvement in 
resolution if needed, negatives are developed using about 2.0% dilution water solution of TMAH 
(tetramethylammonium hydroxide). Drawing 9 (b) shows pattern 21a of the 1st resist formed in this 
way. Then, postdeveloping BEKU may be performed if needed. Since this heat treatment influences a 
next mixing reaction, it is necessary to set it as suitable temperature. The above is the same as that 
of formation of the resist pattern by the conventional resist process as a process. 
[0064] As shown after the pattern formation of drawing 9 (b), next in drawing 9 (c), immersion 
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processing of the semi-conductor substrate 3 is carried out with an acidic solution. The art is good 
in the method of the usual paddle development. Moreover, you may carry out by the vapor rise 
(blasting) of an acidic solution. Moreover, surface treatment may be carried out by the sour gas. Any 
of an organic acid and an inorganic acid are sufficient as the acidic solution or sour gas in this case. 
Specifically, a low-concentration acetic acid is mentioned as a suitable example. In this process, an 
acid sinks in near the interface of 1st resist pattern 21a, and the film containing an acid is formed. 
Then, a rinse is carried out using pure water if needed. 

[0065] Then, as shown in drawing 9 (e), the cross-linking ingredient which constructs a bridge by 
existence of an acid on the 1st resist pattern 21 is used as a principal component, and the 2nd 
resist 22 melted by the solvent which does not dissolve the 1st resist 21 is applied. What has the 
ingredient of the 2nd resist 22 used here and its solvent be [ the same as that of what was stated 
with the gestalt 1 of operation ] it is used effectively. In order to avoid duplication, the detailed 
explanation is omitted. Next, the 2nd resist 22 is prebaked after spreading of the 2nd resist 22 if 
needed. Since this heat treatment influences a next mixing reaction, it is set as suitable 
temperature. 

[0066] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), bridge formation 
BEKU is performed, and crosslinking reaction is made to^cause by supply of the acid from the 1st 
resist pattern 21a near the interface with 1st resist pattern 21a of the 2nd resist 22, as shown in 
drawing 9 (f). The bridge formation layer 4 which caused crosslinking reaction by this so that 1st 
resist pattern 21a might be covered is formed into the 2nd resist 22. 

[0067] Next, as shown in drawing 9 (g), development exfoliation of the part over which the 2nd resist 
22 is not constructing a bridge using developers, such as water or TMAH, is carried out. It becomes 
possible to obtain the resist pattern which reduced the hole bore of a hole pattern, or the separation 
width of face of the Rhine pattern by the above processing. 

[0068] As mentioned above, before not needing the process which generates an acid for the 1st 
resist but forming the 2nd resist 22 on 1st resist pattern 21a by exposure processing, surface 
treatment by the acid liquid or the sour gas is performed, and an acid is diffused by heat treatment 
at a next process, and it is made to construct a bridge according to the gestalt 3 of this operation. 
[0069] Moreover, it is the same as that of the gestalten 1 and 2 of the operation described 
previously to form the detailed separation resist pattern which carried out in this way and was 
formed on various kinds of semi-conductor substrates, to form a detailed separation tooth space or 
a detailed detailed hole etc. on a semi-conductor substrate by making this into a mask, and to 
manufacture a semiconductor device. 
[0070] 

[Example] Next, the example relevant to the gestalten 1-3 of each aforementioned operation is 
explained. Since one example may be related to the gestalt of one or more operations, it explains 
collectively. First, the examples 1-5 about the 1st resist ingredient are explained. 
As the example 1. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the resist 
pattern was formed using i line resist using ethyl lactate and propylene glycol monoethyl acetate as 
a solvent. First, said resist was dropped on Si wafer, after carrying out rotation spreading, it 
prebaked in 85 degrees C / 70 seconds, the solvent in a resist was evaporated, and the 1st resist 
was formed by about 1.0 micrometers of thickness. Next, the 1st resist was exposed as an exposure 
mask using the mask as shown in drawing 1 , using i line contraction projection aligner as an aligner. 
Next, PEB processing was performed in 120 degrees C / 70 seconds, then negatives were 
developed using the alkali developer (the TOKYO OHKA KOGYO CO., LTD. make, NMD3), and the 
resist pattern with separation size as shown in drawing 10 was obtained. 

[0071] As the example 2. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the 
resist pattern was formed using i line resist using 2-heptanone as a solvent. First, said resist was 
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formed so that it might become about 0.8 micrometers of thickness by dropping and rotation 
spreading on Si wafer. Next, it prebaked in 85 degrees C / 70 seconds, and the solvent in a resist 
was dried. Then, it exposed using the mask as shown in drawing 1 using i line contraction projection 
aligner. Next, PEB processing was performed in 120 degrees C / 70 seconds, then negatives were 
developed using the alkali developer (Tokyo adaptation shrine make, NMD3), and the resist pattern 
with separation size as shown in drawing 10 was obtained. 

[0072] As the example 3. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the 
resist pattern was formed using i line resist using the mixed solvent of ethyl lactate and butyl 
acetate as a solvent. First, said resist was formed so that it might become about 1.0 micrometers of 
thickness by dropping and rotation spreading on Si wafer. Next, it prebaked in 100 degrees C / 90 
seconds, and the solvent in a resist was dried. Then, it exposed using the mask as shown in drawing 

I R> 1 using SUTEBBA by NIKON CORP. Next, PEB processing was performed in 110 degrees C / 
60 seconds, then negatives were developed using the alkali developer (Tokyo adaptation shrine 
make, NMD3), and the resist pattern as shown in drawing 10 was obtained. 

[0073] as the example 4. 1st resist — Tokyo — adaptation — the resist pattern was formed using 
the shrine chemistry magnification mold excimer resist. First, said resist was formed so that it might 
become about 0.8 micrometers of thickness by dropping and rotation spreading on Si wafer. Next, it 
prebaked in 90 degrees C / 90 seconds, and the solvent in a resist was dried. Then, it exposed using 
the mask as shown in drawing 1 using the KrF excimer contraction projection aligner. Next, PEB 
processing was performed in 100 degrees C / 90 seconds, then negatives were developed using the 
alkali developer (Tokyo adaptation shrine make, NMD~W), and the resist pattern as shown in drawing 

I I was obtained. 

[0074] As the example 5. 1st resist, the resist pattern was formed using the chemistry magnification 
mold resist (2773 MELKER, J.Vac.Sci.TechnoL. B11 (6) 1993) by Ryoden Kasei CO., LTD. which 
consists of t-Boc-ized polyhydroxy styrene and an acid generator. First, said resist was formed so 
that it might become about 0.52 micrometers of thickness by dropping and rotation spreading on Si 
wafer. Next, **-KU was performed in 120 degrees C / 180 seconds, and the solvent in a resist was 
dried, then, this resist top — as the antistatic film — the Showa Denko K.K. make — after carrying 
out rotation spreading of S pay sir ESP-100 similarly, **-KU was performed in 80 degrees C / 120 
seconds. Next, it drew by 1 7.4microC/cm2 using EB drawing equipment. Next, after performing PEB 
in 80 degrees C / 120 seconds, pure water was used, and the resist pattern was continuously 
exfoliation and developed using the TMAH alkali developer (Tokyo adaptation shrine NMD-W) in the 
antistatic film. Consequently, about 0.2-micrometer EB resist pattern as shown in drawing 12 was 
obtained. 

[0075] Next, the examples 6-13 about the 2nd resist ingredient are explained. 

example 6. — as the 2nd resist ingredient — 1L measuring flask — using — 20wt% water-solution: 
of the polyvinyl-acetal resin S leks KW3 and KW1 by Sekisui Chemical Co., Ltd. — pure-water:400g 
was added to 100g, respectively, stirring mixing was carried out at the room temperature for 6 hours, 
and the 5wt% water solution of polyvinyl-acetal resin KW3 and KW1 was obtained, respectively. 
[0076] example 7. — as 2nd resist ingredient, it replaced with the polyvinyl-acetal resin of an 
example 6, and each 5wt% water solution was obtained like the example 6 using polyvinyl alcohol 
resin, oxazoline content water soluble resin (the NIPPON SHOKUBAI Co., Ltd. make, the EPO cross 
WS 500), and a styrene maleic anhydride copolymer (the product made from ARCOchemical, SMA 
1000 and 1440H). 

[0077] example 8. — using 1 L measuring flask as 2nd resist ingredient, stirring mixing of methoxy 
methylol melamine (product [ made from Mitsui SAINAMIDO ], Cymel 370):100g, pure-water:780g, 
and the IPA:40g was carried out at the room temperature for 6 hours, and the about 10 wt(s)% 
methylol melamine water solution was obtained. 
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[0078] example 9. — using 1L measuring flask as 2nd resist ingredient, in methoxy 
(N-methoxymethyl) ethylene urea:100g, hydroxy (N-methoxymethyl) ethylene urea:100g, and 
N-methoxymethyl urea:100g, stirring mixing of pure~water:860g and the IPA:40g was carried out at 
the room temperature for 6 hours, and the about 10 wt(s)% ethylene urea water solution was 
obtained, respectively. 

[0079] example 10. — stirring mixing of KW3 water~solution:1 60g of the polyvinyl acetal obtained in 
the example 6 and methoxy methylol melamine water-solution:20g obtained in the example 8 and the 
pure-water:20g was carried out at the room temperature as 2nd resist ingredient for 6 hours, and 
water soluble resin and the mixed solution of a water-soluble cross linking agent were obtained. 
[0080] example 11. — as 2nd resist ingredient, in KW3 water-solution: 1 60g of the polyvinyl acetal 
obtained in the example 6, methoxy (N-methoxymethyl) ethylene urea water~solution:20g obtained in 
the example 9, hydroxy (N-methoxymethyl) ethylene urea:20g, and N-methoxymethyl urea:20g t 
stirring mixing of the pure-water:20g was carried out at the room temperature for 6 hours, and water 
soluble resin and the mixed solution of a water-soluble cross linking agent were obtained, 
respectively. 

[0081] example 12. — each was mixed for KW3 water-solution: 1 60g of the polyvinyl acetal obtained 
in the example 6, and 10g, 20g, 30g of the methoxy ethylene urea water solution obtained in the 
example 9, and pure~water:20g under the room temperature as 2nd resist ingredient for 6 hours. 
Consequently, the concentration of the methoxy ethylene urea which is a water-soluble cross linking 
agent to polyvinyl-acetal resin obtained three kinds of 2nd 27wt% resist water solution 20wt% about 
1 lwt%. 

[0082] As the example 13. 2nd resist, stirring mixing of the 5wt% water solution of polyvinyl alcohol 
resin was carried out under the room temperature by mixing 0g f 35.3g, and 72. 2g for 6 hours among 
the water-soluble-resin solutions obtained in the example 7 to 100g of the 5wt(s)% polyvinyl-acetal 
resin water solution obtained in the example 6, and three kinds of mixed solutions with which the 
mixing ratios of polyvinyl-acetal resin and polyvinyl alcohol resin differ were obtained. 
[0083] Next, the examples 14-22 of detailed resist pattern formation are explained. 
On Si wafer with which the 1 st resist pattern obtained in the example 1 4. example 3 was formed, 
after dropping and carrying out the spin coat of the 2nd resist ingredient obtained in the example 12, 
it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was formed. Next, mixing BEKU 
(MB) was performed in 120 degrees C / 90 seconds, and crosslinking reaction was advanced. Next, 
by developing negatives using pure water, carrying out development exfoliation of the layer 
non-constructing a bridge, and performing postbake in next 90 degrees C / 90 seconds, the 2nd 
resist bridge formation layer was formed on the 1st resist pattern, and as shown in drawing 13 , the 
2nd resist pattern was formed. In drawing 13 , the mixing ratio of water soluble resin was changed by 
having made the diameter of a hole of the 2nd resist pattern into the length measurement location, 
and the resist pattern size after the bridge formation stratification was measured. This result is 
shown in the table of drawing 14 R> 4. In this case, by changing the amount of mixing of 
polyvinyl-acetal resin and polyvinyl alcohol resin shows that it is possible to control the thickness of 
the bridge formation layer formed on the 1 st resist. 

[0084] On Si wafer with which the 1st resist pattern obtained in the example 15. example 2 was 
formed, after the resin water solution of KW1 obtained in the example 6 was dropped as 2nd resist 
ingredient and carried out the spin coat, it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, complete exposure was performed to the wafer using i line aligner. 
Furthermore, mixing BEKU (MB) was performed in 150 degrees C / 90 seconds, and crosslinking 
reaction was advanced. Next, negatives were developed using pure water, development exfoliation of 
the layer non-constructing a bridge was carried out, and the 2nd resist bridge formation layer was 
formed on the hole pattern which is the 1st resist pattern like what was shown in drawing 13 by 
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performing postbake in 110 degrees C / 90 seconds continuously. The resist pattern size after the 
bridge formation stratification was measured about the case where it does not consider as the case 
where complete exposure is carried out by making into a length measurement location the diameter 
of a hole of the 2nd resist pattern shown in drawing 13 . This result is shown in the table of drawing 
1515 . When the 1st resist hole pattern size of 0.4 micrometers before forming a bridge formation 
layer performed complete exposure by this and about 0.14 micrometers and complete exposure 
were not performed, it was reducing by about 0.1 1 micrometers. In this case, by performing complete 
exposure before MB **-KU, compared with the case where it does not carry out, crosslinking 
reaction advanced more and the bridge formation layer was thickly formed in the 1st resist front 
face. 

[0085] On Si wafer with which the 1st resist pattern obtained in the example 16. example 2 was 
formed, the mixed solution of the polyvinyl-acetal resin obtained in the example 1 1 and an ethylene 
urea was used as the 2nd resist. After dropping and carrying out the spin coat of the 2nd resist 
ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was formed. Next, for 
105 degrees C / 90 seconds, for 1 15 degrees C / 90 seconds, mixing BEKU (MB) was performed on 
three kinds of conditions for 125 degrees C / 90 seconds, and crosslinking reaction was performed. 
Next, negatives were developed using pure water and development exfoliation of the non-cross 
linking agent was carried out, and by performing postbake in 90 degrees C / 90 seconds 
continuously, as shown in drawing 16 , the 2nd resist bridge formation layer was formed on the 1st 
resist pattern. The temperature of mixing BEKU (MB) was changed by having made into the length 
measurement location the tooth space in the diameter of a hole, the Rhine pattern, and isolated 
remnants pattern of the 2nd resist pattern shown in drawing 1 6 , and the resist pattern size after 
the bridge formation stratification was measured. This result is shown in the table of drawing 17 . 
Consequently, with the resist pattern after the bridge formation stratification, the size of the tooth 
space in the bore of a hole pattern, and the Rhine pattern and an isolated remnants pattern of 
0.4-micrometer size formed in the example 2 is reduced, as shown in drawing 1 7 , and the amount of 
contraction is increasing while MB temperature becomes high. From this, the temperature control of 
MB shows that control of crosslinking reaction is possible with a sufficient precision. 
[0086] On Si wafer with which the 1st resist pattern obtained in the example 17. example 3 was 
formed, the mixed solution from which the concentration of an ethylene urea differs with the 
polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin obtained in the 
example 12 and an ethylene urea mixed water solution, and polyvinyl alcohol resin and an ethylene 
urea mixed water solution was used as the 2nd resist. After dropping and carrying out the spin coat 
of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was 
formed. Next, mixing BEKU (MB) was performed in 65 degrees C / 70 +100 degrees C / per second, 
and 90 seconds, and crosslinking reaction was performed. Next, negatives were developed using 
pure water, development exfoliation of the layer non-constructing a bridge was carried out, and the 
2nd resist bridge formation layer was formed on the 1st resist pattern like what was shown in 
drawing 13 by performing postbake in 90 degrees C / 90 seconds continuously. The amount of 
mixing of a water-soluble cross linking agent was changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13 , and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 18 . Consequently, the bore of the hole pattern of about 0.4-micrometer size 
formed in the example 3 is reduced as shown in drawing 18 , and the amount of contraction 
becomes so large that the amount of mixing of a water-soluble cross linking agent increases. From 
this, by adjusting the mixing ratio of a water-soluble ingredient shows that control of crosslinking 
reaction is possible with a sufficient precision. Moreover, but by [ with the same amount of cross 
linking agents ] changing the class of water soluble resin shows that it is possible to control the 
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[0087] On Si wafer with which the 1st resist pattern obtained in the example 18. example 3 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin 
water solution obtained in the example 1 1, and the mixed solution of the N-methoxymethyl-methoxy 
ethylene urea mixed water solution which is a water-soluble cross linking agent, a hydroxy 
(N-methoxymethyl) ethylene urea, and N-methoxymethyl urea were used as the 2nd resist. After 
dropping and carrying out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 
70 seconds, and the 2nd resist film was formed. Next, mixing BEKU (MB) was performed in 65 
degrees C / 70 +100 degrees C / per second, and 90 seconds, and crosslinking reaction was 
performed. Next, negatives were developed using pure water, development exfoliation of the layer 
non-constructing a bridge was carried out, and the 2nd resist bridge formation layer was formed on 
the 1st resist pattern like what was shown in drawing 13 by performing postbake in 90 degrees C / 
90 seconds continuously. The water-soluble cross linking agent was changed by having made into 
the length measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 
1313 , and the resist pattern size after the bridge formation stratification was measured. This result 
is shown in the table of drawing 19 . Consequently, the bore of the hole pattern of about 
0.4-micrometer size formed in the example 3 is reduced as shown in drawing 19 , and as for the 
amount of contraction, a difference is accepted by the difference in a water-soluble cross linking 
agent. From this, the difference in the class of water-soluble ingredient to mix shows that control of 
crosslinking reaction is possible. 

[0088] On Si wafer with which the 1st resist pattern obtained in the example 19. example 4 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, and the polyvinyl-acetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixed water solution 
which is a water-soluble cross linking agent were used as the 2nd resist. After dropping and carrying 
out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, mixing BEKU for 90 seconds (MB) was performed at predetermined 
temperature, and crosslinking reaction was performed. Next, negatives were developed using pure 
water, development exfoliation of the layer non-constructing a bridge was carried out, and the 2nd 
resist bridge formation layer was formed on the 1st resist pattern like what was shown in drawing 13 
by performing postbake in 90 degrees C / 90 seconds continuously. The amount of a water-soluble 
cross linking agent and reaction temperature were changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13 , and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 20 . Consequently, the resist pattern size of about 0.3 micrometers formed in the 
example 4 is reduced as shown in drawing 20 , and a difference is accepted with the amount of 
water-soluble cross linking agents, and reaction temperature. Also when the chemistry magnification 
mold resist which generates an acid by optical exposure is used from this, it turns out that control 
of the resist pattern size by crosslinking reaction is possible. 

[0089] On Si wafer with which the 1st resist pattern obtained in the example 20. example 5 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, and the polyvinyl-acetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixed water solution 
which is a water-soluble cross linking agent were used as the 2nd resist. After dropping and carrying 
out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, mixing BEKU (MB) was performed in 105 or 115 degrees C / 90 
seconds, and crosslinking reaction was performed. Next, negatives were developed using pure water 
and development exfoliation of the layer non-constructing a bridge was carried out, and by 
performing postbake in 90 degrees C / 90 seconds continuously, as shown in drawing 13 , the 2nd 
resist bridge formation layer was formed on the 1st resist pattern. The amount of a water-soluble 
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cross linking agent and reaction temperature were changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13 , and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 21 . Consequently, the size of the resist pattern of about 0.2-micrometer size 
formed in the example 5 is reduced as shown in drawing 21 R> 1, and as for the amount of 
contraction, a difference is accepted by the difference in a water-soluble ingredient and the 
difference in MB temperature. Also when EB resist of the chemistry magnification mold which 
consists of t-Boc-ized polyhydroxy styrene and an acid generator is used from this, it turns out that 
control of the resist pattern size by crosslinking reaction is possible. 

[0090] On the 1st resist pattern obtained in the example 21. example 2, the electron ray was 
irradiated alternatively. The exposure of an electron ray irradiated 50microC/cm2. Next, the 
polyvinyl-acetal resin water solution obtained in the example 1 1 and the methoxy ethylene urea 
mixed water solution which is a water-soluble cross linking agent were applied as the 2nd resist on 
the 1st resist pattern which irradiated the electron ray. Spreading trickled the 2nd resist ingredient, 
and performed the spin coat, then prebaked in 85 degrees C / 70 seconds, and formed the 2nd 
resist film. Furthermore, mixing BEKU (MB) was performed in 120 degrees C / 90 seconds, and 
crosslinking reaction was performed. The 2nd resist bridge formation film was alternatively formed 
on the 1st resist pattern like what was shown in drawing 1 3 by developing negatives by using pure 
water finally, carrying out development exfoliation of the layer non-constructing a bridge, and 
performing postbake in next 1 10 degrees C / 70 seconds. The resist pattern size after the bridge 
formation stratification was measured about the exposure part of an electron ray, and the 
non-irradiated part by making into a length measurement location the diameter of a hole of the 2nd 
resist pattern shown in drawing 13 . This result is shown in the table of drawing 22 . Consequently, in 
the part which did not irradiate an electron ray, about 0.4-micrometer resist pattern formed in the 
example 2 was reduced, as shown in drawing 22 , about the part which irradiated the electron ray 
alternatively, crosslinking reaction did not occur and contraction of hole size was not seen. By the 
pattern of the part irradiated by irradiating an electron ray alternatively after forming a resist 
pattern from this, since a reaction does not arise, it turns out that size control of an alternative 
resist pattern is possible. 

[0091] The 1st resist pattern obtained in the example 22. example 2 was formed on Si wafer with 
which the oxide film was formed, and the 1st resist pattern as shown in drawing 23 was formed. 
Next, after dropping and carrying out the spin coat of the 2nd resist ingredient obtained in the 
example 12 and prebaking in 85 degrees C / 70 seconds, the 2nd resist bridge formation layer was 
formed on the 1st resist pattern by carrying out development exfoliation of the layer 
non-constructing a bridge with pure water, performing mixing BEKU in 105 degrees C / 90 seconds, 
and performing postbake in 90 degrees C / 90 seconds continuously. Furthermore, the substrate 
oxide film was etched using the etching system, and the pattern configuration after etching was 
observed. Moreover, it etched similarly about the wafer in which the 1st resist pattern shown in 
drawing 23 which does not process this invention as an example of a comparison was formed. 
Consequently, while separation width of face was reduced as shown in drawing 24 (b) and (c) when 
this invention was applied as compared with drawing 24 (a) when not applying this invention, the 
oxide-film pattern with which surface roughening of the side attachment wall was carried out was 
obtained. Moreover, it turns out that extent of surface roughening is controllable by the amount of 
mixing of a cross linking agent. 
[0092] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to this invention, 
the charge of detailed separation resist pattern formation material which makes pattern formation 
exceeding a wavelength limitation possible, and the detailed pattern formation approach using it are 
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acquired in detailecHzing of the separation pattern of a resist, and a hole pattern. Thereby, the 
diameter of a hole of a Hall system resist pattern can be reduced conventionally, and the separation 
width of face of a SU **-SU system resist pattern can be reduced conventionally, moreover, the 
tooth space by which detailed separation was carried out on the semi-conductor base material, 
using as a mask the detailed separation resist pattern which carried out in this way and was formed 
— or hole formation can be carried out. Moreover, the semiconductor device which has the tooth 
space or hole by which detailed separation was carried out by such manufacture approach can be 
obtained. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

fDrawing 1l Drawing of the mask pattern for explaining the resist pattern formation approach of the 
gestalt 1 implementation this invention. 
fDrawing 21 The process flow Fig. for explaining 
1 implementation this invention. 
fDrawing 31 The process flow Fig. for explaining 
1 implementation this invention. 
fDrawing 41 The process flow Fig. for explaining 
1 implementation this invention. 
fDrawing 51 The process flow Fig. for explaining 
1 implementation this invention. 
fDrawing 61 The process flow Fig. for explaining 
1 implementation this invention. 
fDrawing 71 The process flow Fig. for explaining 

1 implementation this invention. 
fDrawing 81 The process flow Fig. for explaining 

2 implementation this invention. 
fDrawing 91 The process flow Fig. for explaining 

3 implementation this invention. 
fDrawing 10] The 1 st resist pattern in the examples 1 , 2 f and 3 of this invention. 
fDrawing 1 11 The 1st resist pattern in the example 4 of this invention. 
fDrawing 12] The 1st resist pattern in the example 5 of this invention. 
fDrawing 13] The 2nd resist pattern in the example 14 of this invention. 

fDrawing 14] Drawing showing the mixing ratio of the water soluble resin in the example 14 of this 

invention, and the resist pattern size after the bridge formation stratification. 

fDrawing 15] Drawing showing the resist pattern size after the existence of the exposure in the 

example 15 of this invention, and the bridge formation stratification. 

fDrawing 16] The 2nd resist pattern in the example 1 6 of this invention 

fDrawing 1 7] Drawing showing the mixing baking temperature in the example 16 of this invention, and 
the resist pattern size after the bridge formation stratification. 

fDrawing 18] Drawing showing the mixing ratio of the water-soluble ingredient in the example 1 7 of 
this invention, and the resist pattern size after the bridge formation stratification. 
fDrawing 19] Drawing showing the resist pattern size after the class of water-soluble ingredient in 
the example 18 of this invention, and the bridge formation stratification. 

fDrawing 20] Drawing showing the amount of the water-soluble ingredient in the example 19 of this 
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invention, and mixing baking temperature and the resist pattern size after the bridge formation 
stratification. 

fDrawing 21 1 Drawing showing the resist pattern size after the class of water-soluble ingredient in 
the example 20 of this invention, and the bridge formation stratification. 

fDrawing 22] Drawing showing the resist pattern size after the existence of the electron beam 
irradiation in the example 21 of this invention, and the bridge formation stratification. 
("Drawing 231 Drawing showing the 2nd resist pattern in the example 22 of this invention. 
fDrawing 24] Drawing showing the pattern configuration after etching of the substrate oxide film in 
the example 22 of this invention. 
[Description of Notations] 

1, 11, 21 The 1st resist 1a. 2a, 3a The 1st resist pattern 2, 12, 22 The 2nd resist 2a, 12a, 22a The 
2nd resist pattern 3 Semi-conductor substrate (semi-conductor base material) 4, 14, 24 Bridge 
formation layer. 

[Translation done.] 
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[Document Name] Specification 

[Title of the Invention] It is a semiconductor device to a detailed pattern formation ingredient and 

the manufacture approach list of the semiconductor device using this. 

[Claim(s)] 

[Claim 1] The detailed pattern formation ingredient which uses one kind of water soluble resin, or 
two kinds or more of said water soluble resin of mixture, or the copolymerization object by two or 
more kinds of said water soluble resin as a principal component, and is characterized by producing 
crosslinking reaction by existence of an acid. 

[Claim 2] The detailed pattern formation ingredient which uses one kind of a water-soluble cross 
linking agent, or two kinds or more of said water-soluble cross linking agent of mixture as a principal 
component, and is characterized by producing crosslinking reaction by existence of an acid. 
[Claim 3] The detailed pattern formation ingredient which uses one kind of water soluble resin or 
two kinds or more, one kind of a water-soluble cross linking agent, or two kinds or more of mixture 
as a principal component, and is characterized by producing crosslinking reaction by existence of an 
acid. 

[Claim 4] The detailed pattern formation ingredient according to claim 1 to 3 characterized by 
including a surfactant as an additive. 

[Claim 5] The manufacture approach of a semiconductor device characterized by providing the 
following The process which forms the 1st resist pattern which may generate an acid on a 
semi-conductor base material by the 1st resist The process which forms the 2nd resist which 
causes crosslinking reaction by existence of an acid on said 1st resist pattern Down stream 
processing which forms the bridge formation film in the part which touches said 1st resist pattern of 
said 2nd resist by supply of the acid from said 1st resist pattern The process which exfoliates the 
part of said 2nd resist non-constructing a bridge, and forms the 2nd resist pattern, and the process 
which etches said semi-conductor base material by using this 2nd resist pattern as a mask 
[Claim 6] The manufacture approach of the semiconductor device according to claim 5 
characterized by using said detailed pattern formation ingredient according to claim 1 to 4 as said 
2nd resist. 

[Claim 7] The manufacture approach of the semiconductor device according to claim 5 
characterized by controlling reacting weight with said 1st resist by adjusting the amount of mixing of 
said water soluble resin and said water-soluble cross linking agent, using said detailed pattern 
formation ingredient according to claim 3 as said 2nd resist. 

[Claim 8] The manufacture approach of the semiconductor device according to claim 5 
characterized by controlling reacting weight with said 1st resist by adjusting the degree of 
acetalization of said polyvinyl acetal as the 2nd resist using said detailed pattern formation 
ingredient according to claim 3 which used the polyvinyl acetal as water soluble resin. 
[Claim 9] The manufacture approach of the semiconductor device according to claim 5 to 8 
characterized by forming said bridge formation film in contact with the front face of said 1st resist 
pattern by heat-treating said 1st resist pattern and said 2nd resist formed on said 1st resist 
pattern. 

[Claim 10] The manufacture approach of the semiconductor device according to claim 5 to 8 
characterized by forming said bridge formation film in said predetermined field of said 1st resist 
pattern by exposing a predetermined field from on said 2nd resist formed on said 1st resist pattern 
and said 1 st resist pattern. 

[Claim 1 1] The manufacture approach of the semiconductor device according to claim 5 to 8 which 
carries out electron beam irradiation of except for the predetermined field of said 1st resist pattern, 
and is characterized by forming said 2nd resist on this 1st resist pattern by which electron beam 
irradiation was carried out, and forming said bridge formation film in said predetermined field of said 
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1st resist pattern. 

[Claim 12] The semiconductor device characterized by manufacturing by the manufacture approach 
of the semiconductor device indicated to said claim 5 thru/or either of 1 1. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In a semi-conductor process, in case this invention forms a resist pattern, it 
relates to the formation approach of the ingredient for detailed separation resist patterns which 
reduces the separation size or hole opening size of a pattern, and the detailed separation pattern 
using it, the manufacture approach of the semiconductor device using this detailed separation resist 
pattern further, and the semiconductor device manufactured by this manufacture approach. 
[0002] 

[Description of the Prior Art] Wiring and separation width of face which are required of a 
manufacture process are made detailed very much with high integration of a semiconductor device. 
Generally, formation of a detailed pattern forms a resist pattern with a photolithography technique, 
and is performed by the approach of etching the various thin films of a substrate by using the 
formed resist pattern as a mask after that. 

[0003] Therefore, in formation of a detailed pattern, a photolithography technique becomes very 
important. The photolithography technique consists of resist spreading, mask alignment, exposure, 
and development, and the limitation has produced it from constraint of exposure wavelength in 
detailed-ization to detailed-izing. Furthermore, it was difficult to control the etching-proof nature of 
a resist by the conventional lithography process, and it was impossible to have controlled the shape 
of surface type, such as to carry out surface roughening of the pattern side-attachment-wall front 
face after etching, by control of etching-proof nature. 
[0004] 

[Problem(s) to be Solved by the Invention] As explained above, formation of the detailed resist 
pattern which exceeds the limitation of the wavelength with the photolithography technique by the 
conventional exposure was difficult. This invention offers the detailed separation resist pattern 
formation technique using this, and offers the technique to which control carries out surface 
roughening of the shape of pattern side-attachment-wall surface type after difficult etching with the 
conventional lithography technique in detailed-izing of a separation pattern and a hole pattern while 
it offers the water-soluble ingredient which does not dissolve the substrate resist which realizes 
detailed separation resist pattern formation which makes pattern formation exceeding a wavelength 
limitation possible. Furthermore the manufacture approach of the semiconductor device using that 
detailed separation resist pattern formation technique tends to be offered, and it is going to offer 
the semiconductor device manufactured by this manufacture approach. 
[0005] 

[Means for Solving the Problem] The detailed pattern formation ingredient concerning claim 1 of this 
invention uses one kind of water soluble resin, or two kinds or more of said water soluble resin of 
mixture, or the copolymerization object by two or more kinds of said water soluble resin as a 
principal component, and is characterized by producing crosslinking reaction by existence of an acid. 

[0006] Moreover, the detailed pattern formation ingredient concerning claim 2 of this invention uses 
one kind of a water-soluble cross linking agent, or two kinds or more of said water-soluble cross 
linking agent of mixture as a principal component, and is characterized by producing crosslinking 
reaction by existence of an acid. 

[0007] Moreover, the detailed pattern formation ingredient concerning claim 3 of this invention uses 
one kind of water soluble resin or two kinds or more, one kind of a water-soluble cross linking agent, 
or two kinds or more of mixture as a principal component, and is characterized by producing 



5/1/2006 5:19 PM 



http://www4.ipdI.ncipi.gojp/cgi-bin/tran_web_cgi_ejje?u=http%3A.. 



crosslinking reaction by existence of an acid. 

[0008] Moreover, the detailed pattern formation ingredient concerning claim 4 of this invention is 
characterized by including a surfactant as an additive. 

[0009] Next, this invention is characterized by providing the following in the manufacture approach 
of the semiconductor device concerning claim 5. The process which forms the 1st resist pattern 
which may generate an acid on a semi-conductor base material by the 1st resist The process which 
forms the 2nd resist which causes crosslinking reaction by existence of an acid on said 1st resist 
pattern Down stream processing which forms the bridge formation film in the part which touches 
said 1st resist pattern of said 2nd resist by supply of the acid from said 1st resist pattern The 
process which exfoliates the part of said 2nd resist non-constructing a bridge, and forms the 2nd 
resist pattern, and the process which etches said semi-conductor base material by using this 2nd 
resist pattern as a mask 

[0010] Moreover, the manufacture approach of the semiconductor device concerning claim 6 of this 
invention is characterized by using said detailed pattern formation ingredient according to claim 1 to 
4 as said 2nd resist. 

[001 1] Moreover, the manufacture approach of the semiconductor device concerning claim 7 of this 
invention is characterized by controlling reacting weight with said 1st resist by adjusting the amount 
of mixing of said water soluble resin and said water-soluble cross linking agent, using said detailed 
pattern formation ingredient according to claim 3 as said 2nd resist. 

[0012] Moreover, the manufacture approach of the semiconductor device concerning claim 8 of this 
invention is characterized by controlling reacting weight with said 1st resist by adjusting the degree 
of acetalization of said polyvinyl acetal as the 2nd resist using said detailed pattern formation 
ingredient according to claim 3 which used the polyvinyl acetal as water soluble resin. 
[0013] Moreover, the manufacture approach of the semiconductor device concerning claim 9 of this 
invention is characterized by forming said bridge formation film in contact with the front face of said 
1st resist pattern by heat-treating said 1st resist pattern and said 2nd resist formed on said 1st 
resist pattern. 

[0014] Moreover, the manufacture approach of the semiconductor device concerning claim 10 of 
this invention is characterized by forming said bridge formation film in said predetermined field of 
said 1st resist pattern by exposing a predetermined field from on said 2nd resist formed on said 1st 
resist pattern and said 1st resist pattern. 

[0015] Moreover, the manufacture approach of the semiconductor device concerning claim 11 of 
this invention carries out electron beam irradiation of except for the predetermined field of said 1st 
resist pattern, and is characterized by forming said 2nd resist on this 1st resist pattern by which 
electron beam irradiation was carried out, and forming said bridge formation film in said 
predetermined field of said 1st resist pattern. 

[0016] Moreover, the semiconductor device concerning claim 12 of this invention is characterized by 
manufacturing by the manufacture approach of each aforementioned semiconductor device. 
[0017] 

[Embodiment of the Invention] Gestalt 1. drawing 1 of operation is drawing showing the example of 
the mask pattern for forming the target resist pattern by which detailed separation was carried out 
by this invention, in drawing 1 (a), the mask pattern 100 of a detailed hole and drawing 1 (b) show 
the mask pattern 200 of a detailed tooth space, and drawing 1 (c) shows the pattern 300 of the 
remnants of isolation. Drawing 2 - drawing 7 are the process-flow Figs, for explaining the detailed 
separation resist pattern formation approach of the gestalt 1 implementation this invention. 
[0018] First, the detailed separation resist pattern formation approach of the gestalt this operation 
and the manufacture approach of the semiconductor device using this are explained, referring to 
drawing 1 and drawing 2. First, as drawing 2 (a) shows, the 1st resist 1 which has the device in which 
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an acid is generated inside by suitable heat-treatment in the semi-conductor substrate 
(semi-conductor wafer) 3 is applied (about 0.7-1.0 micrometers in for example, thickness). This 1st 
resist 1 is applied with a spin coat etc. on the semi-conductor substrate 3, next gives Puri **-KU (it 
is heat treatment for about 1 minute at 70-1 10 degrees C), and evaporates the solvent in the 1st 
resist 1. 

[0019] Next, in order to form the 1st resist pattern, g line, i line or Deep-UV, a KrF excimer, an ArF 
excimer, EB (electron ray), X-ray, etc. carry out projection exposure using the mask containing a 
pattern as shown in drawing 1 using the light source corresponding to the sensibility wavelength of 
the 1st applied resist 1. 

[0020] Either a positive type or negative resist is [ that what is necessary is just a resist using the 
device which an acidic component generates inside a resist by suitable heat-treatment ] OK as the 
ingredient of the 1st resist 1 used here. For example, as the 1st resist, the positive resist which 
consists of mixture of novolak resin and a naphthoquinonediazide system sensitization agent is 
mentioned. Furthermore, as the 1st resist, application of the chemistry magnification mold resist 
using the device in which an acid is generated may also be possible, and other things may be used 
as long as it is a resist ingredient using the system of reaction which generates an acid with heating. 
[0021] After exposing the 1st resist 1, if needed, PEB (exposure afterbaking) is performed (for 
example, PEB temperature: 50-130 degrees C), and the resolution of a resist 1 is raised. Next, 
negatives are developed using about 0.05 to 3.0 wt% [, such as TMAH (tetramethylammonium 
hydroxide), ] alkali water bath liquid. Drawing 2 (b) shows 1st resist pattern 1a formed in this way. 
[0022] After performing a development, postdeveloping BEKU may be performed if needed (baking 
temperature is 60-120 degrees C and about 60 seconds). Since this heat treatment influences a 
next mixing reaction, it is desirable to combine with the 1st resist to be used or the 2nd resist 
ingredient, and to set it as suitable temperature. The above is the same as that of formation of the 
resist pattern by the general resist process as a process, if the point of using the 1st resist 1 which 
generates an acid is set aside. 

[0023] Next, as shown in drawing 2 (c), the ingredient of cross-linking which constructs a bridge by 
existence of an acid on the semi-conductor substrate 3 is used as a principal component, and the 
2nd resist 2 dissolved in the solvent which does not dissolve the resist 1 of drawing 1 is applied. If 
spreading to homogeneity is possible for the method of application of the 2nd resist 2 on 1st resist 
pattern 1a, it can also be applied by not being limited especially and immersed into spreading by the 
spray, rotation spreading, or the 2nd resist solution (dipping). Next, this is prebaked after spreading 
of the 2nd resist 2 if needed (for example, 85 degrees C, about 60 seconds), and the 2nd resist layer 
2 is formed. 

[0024] Next, as shown in drawing 2 (d), 1st resist pattern 1a formed in the semi-conductor 
substrate 1 and the 2nd resist 2 formed on this are heat-treated (it is written as MB mixing BEKU 
and if needed [ following ].). 85 degrees C - 150 degrees C whenever [ stoving temperature ] is 
carried out, for example, diffusion of an acid is promoted from the 1st resist pattern 1a, it supplies 
into the 2nd resist 2, and crosslinking reaction is generated in the interface of the 2nd resist 2 and 
1st resist pattern 1a. What is necessary is for the mixing baking temperature / time amount in this 
case to be 85 degree-C-150 degree-C/60-120sec(s), and just to set it as the optimal conditions 
with the class of resist ingredient to be used, and the thickness of the reaction layer to need. It is 
formed into the 2nd resist 2 so that the bridge formation layer 4 which caused crosslinking reaction 
may cover 1st resist pattern 1a with this mixing BEKU. 

[0025] Next, as shown in drawing 2 (e), development exfoliation of the 2nd resist 2 which is not 
constructing a bridge is carried out using the developer of alkali water solutions, such as water or 
TMAH, and 2nd resist pattern 2a is formed. It becomes possible to obtain the resist pattern to which 
the hole bore of a hole pattern or the separation width of face of the Rhine pattern was reduced, or 
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the area of an isolated remnants pattern was expanded by the above processing. **. 
[0026] In the above, by the formation approach of the detailed resist pattern explained with 
reference to drawing 2, after forming the 2nd resist layer 2 on 1st resist pattern 1a, the acid was 
generated in 1st resist pattern 1a by suitable heat-treatment, and how to diffuse to the 2nd resist 2 
was explained. Below, instead of this heat-treatment, how to make an acid emit by exposure is 
explained in advance of heat-treatment. Drawing 3 is a process-flow Fig. for explaining the formation 
approach of the detailed separation resist pattern in this case. First, since the process of drawing 3 
(a) - (c) is the same as that of drawing 2 (a) - (c), it omits explanation. In addition, as the 1st resist 
1 f application of the chemistry magnification mold resist using the device in which an acid is 
generated by exposure is also possible in this case. In a chemistry magnification mold resist, the 
magnification reaction which the generation reaction of the acid catalyst by light, an electron ray, an 
X-ray, etc. occurs, and is triggered by the catalyst of the generated acid is used. 
[0027] Next, as shown in drawing 3 (d), the semi-conductor substrate 3 is again exposed completely 
by g line or i line of Hg lamp, an acid is generated in 1st resist pattern 1a r and after forming the 2nd 
resist layer 2 shown by drawing 3 (c), this forms the bridge formation layer 4 near the interface of 
the 2nd resist 2 which touches 1st resist pattern 1a f as shown in drawing 3 (e). 
[0028] What is necessary is the light source used for the exposure at this time to be possible also 
for using Hg lamp, a KrF excimer, an ArF excimer, etc., and not to be limited by exposure especially 
if generating of an acid is possible for it, and just to expose it using the light source and light 
exposure according to the sensitization wavelength of the 1st used resist 1 according to the 
sensitization wavelength of the 1st resist 1. 

[0029] Thus, it exposes after spreading of the 2nd resist 2, and an acid is generated in 1st resist 
pattern 1a, and by adjustment of light exposure, since the amount of the acid generated in 1st resist 
pattern 1a in order to expose 1st resist pattern 1a in the condition of having been covered with the 
2nd resist 2 is correctly controllable in the large range, the thickness of the reaction layer 4 can 
control it with a sufficient precision by the example of drawing 3. 

[0030] Next, the semi-conductor substrate 3 is heat-treated if needed (for example, 60-130 degrees 
C, mixing BEKU). By this, the acid from the 1st resist pattern 1a is diffused, it supplies into the 2nd 
resist 2, and crosslinking reaction is promoted in the interface of the 2nd resist 2 and 1st resist 
pattern 1a. What is necessary is for the mixing baking temperature / time amount in this case to be 
60-130 degree-C/60-120sec(s), and just to set it as the optimal conditions with the class of resist 
ingredient to be used, and the thickness of the reaction layer to need. It is formed into the 2nd 
resist 2 so that the bridge formation layer 4 which caused crosslinking reaction may cover 1st resist 
pattern 1a with this mixing BEKU. 

[0031] Next, the process of drawing 3 (f) is the same as that of drawing 2 (e). It becomes possible to 
obtain the resist pattern to which a hole bore or the separation width of face of the Rhine pattern 
was reduced, or the area of an isolated remnants pattern was expanded by the above processing. 
[0032] In addition, like the example of the approach explained with reference to drawing 3, the 
process which generates an acid component in 1st resist pattern 1a by exposure is suitable, when 
the 1st resist 1 and 2nd resist 2 to apply have comparatively low reactivity, when the thickness of 
the bridge formation layer to need is comparatively thick, or especially when equalizing crosslinking 
reaction. 

[0033] Here, the ingredient used for the 2nd resist 2 is explained. As the 2nd resist, the 
independence of the water soluble resin of cross-linking or two or more kinds of those mixture can 
be used. Moreover, the independence of a water-soluble cross linking agent or two or more kinds of 
those mixture are used. Furthermore, the mixture of these water soluble resin and a water-soluble 
cross linking agent is used. When using mixture as the 2nd resist, those ingredient presentations are 
not limited by the 1st resist ingredient to apply or the set-up reaction condition that what is 
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necessary is just to especially set up the optimal presentation. 

[0034] As an example of the water-soluble-resin constituent used for the 2nd resist Polyacrylic acid 
as shown in drawing 4, a polyvinyl acetal, a polyvinyl pyrrolidone r Polyvinyl alcohol, 
polyethyleneimine, polyethylene oxide, A styrene-maleic-acid copolymer, polyvinyl amineresin, the 
poly allylamine, Oxazoline radical content water soluble resin, water-soluble melamine resin, a 
water-soluble urea-resin, If it is the constituent in which a water-soluble cross linking agent and 
mixing are possible when not producing the constituent which an alkyd resin, sulfonamide resin, etc. 
can apply effectively, and produces crosslinking reaction under acidic component existence, or 
crosslinking reaction, it will not be limited especially. Moreover, it is effective even if it uses these 
independently, and it uses as mixture. 

[0035] You may use as one kind or two kinds or more of mixture, and these water soluble resin can 
be suitably adjusted by reacting weight with the 1st resist 1 of a substrate, a reaction condition, etc. 
Moreover, it is the purpose which raises the solubility to water, and you may use by making these 
water soluble resin into salts, such as a hydrochloride. 

[0036] Next, specifically as a water-soluble cross linking agent which can be used for the 2nd resist, 
amino system cross linking agents, such as melamine system cross linking agents, such as urea 
system cross linking agents, such as a urea as shown in drawing 5, alkoxy methyleneurea, N-alkoxy 
methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid, a melamine, and an alkoxy 
methylene melamine, benzoguanamine, and glycoluryl, etc. are applicable. However, it will not be 
limited especially if it is the water-soluble cross linking agent which produces bridge formation not 
with the thing limited to especially an amino system cross linking agent but with an acid. 
[0037] As a water-soluble concrete resist ingredient furthermore used for the 2nd resist, it is 
effective independent or independent or to also mix and use [ of water soluble resin which was 
mentioned above / of a water-soluble cross linking agent which was similarly mentioned above into 
mixture ] mixture mutually. For example, specifically, mixing and using a methoxy methylol melamine 
or an ethylene urea as a water-soluble cross linking agent as the 2nd resist, using polyvinyl-acetal 
resin as a water-soluble-resin constituent etc. is mentioned. In this case, since water solubility is 
high, the preservation stability of a mixed solution is excellent. In addition, it will not be limited 
especially if it is the ingredient which is meltable to water solubility or the water-soluble solvent 
which does not dissolve the 1st resist pattern as for the ingredient applied to the 2nd resist, and 
produces crosslinking reaction under existence of an acid component. 

[0038] In addition, although it is as having explained previously that acid generating by the 
re-exposure to 1st resist pattern 1a is not performed, but crosslinking reaction can be realized only 
by heat-treatment, it is desirable to choose a suitable reactant high ingredient as the 2nd resist 2 in 
this case, and to perform suitable heat-treatment (for example, 85 degrees C - 150 degrees C). It is 
effective to specifically use the mixture of polyvinyl-acetal resin and an ethylene urea, the mixture 
of polyvinyl alcohol and an ethylene urea, or the water-soluble ingredient constituent that mixed 
these at a suitable rate as 2nd resist ingredient in this case. 

[0039] Next, in this invention, it is important to control the crosslinking reaction of the 1st resist 1 
and the 2nd resist 2, and to control the thickness of the bridge formation layer 4 formed on 1st 
resist pattern 1a. As for control of crosslinking reaction, it is desirable to optimize according to the 
reactivity of the 1st resist 1 and the 2nd resist 2 to apply, the configuration of 1st resist pattern 1a, 
the thickness of the crosslinking reaction layer 4 to need, etc. 

[0040] Control of the crosslinking reaction of the 1st resist and the 2nd resist has the technique by 
adjustment of process conditions, and the technique of adjusting the presentation of the 2nd resist 
ingredient, as the process control technique of crosslinking reaction — (1) — the technique of 
adjusting (2) MB (mixing BEKU) temperature and the processing time which adjust the light exposure 
to 1st resist pattern 1a is effective. Especially, it heats, and by adjusting the time amount (MB time 



5/1/2006 5:19 PM 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje?u=http°/o3A. 



amount) which constructs a bridge, it is possible to control the thickness of a bridge formation layer, 
and it can be called the technique in which a reaction controllability is very high. Moreover, the 
technique of controlling reacting weight with the 1st resist from the field of the ingredient 
presentation used for the 2nd resist by mixing the suitable, water-soluble cross linking agent for (3) 
(4) which controls reacting weight with 1st resist by mixing two or more kinds of suitable water 
soluble resin, and adjusting the mixing ratio water soluble resin, and adjusting the mixing ratio is 
effective. 

[0041] the thickness of the bridge formation layer which does not opt for control of such 
crosslinking reaction unitary, and (3) 3 [ the configuration of the reactivity of the 2nd resist 
ingredient and the 1st resist ingredient to apply, and the (1) (2) 1st resist pattern, thickness, and ] 
need and (4) — it is necessary to take into consideration and determine conditions with various 
usable exposure conditions or MB conditions, (5) spreading conditions, etc. [ however, ] When, 
especially as for the reactivity of the 1st resist and the 2nd resist, the presentation of the 1st resist 
ingredient shows being influenced, therefore it actually applies this invention, it is desirable to take 
into consideration the factor mentioned above and to optimize the 2nd resist ingredient constituent. 
Therefore, especially the class and its presentation ratio of the water-soluble ingredient used for 
the 2nd resist are not limited, and are optimized and used according to the class of ingredient to be 
used, heat treatment conditions, etc. 

[0042] In addition, plasticizers, such as ethylene glycol, a glycerol, and triethylene glycol, may be 
added to the 2nd resist ingredient with an additive, moreover, the 2nd resist ingredient — being 
related — a purpose [ top / membrane formation disposition ] — carrying out — the surfactant by 
3M company, for example, Fluorad, and Mitsuhiro — formation — water-soluble surfactants, such as 
shrine NONIPORU, may be added as an additive. 

[0043] Next, the solvent used for the 2nd resist is explained. Although it is required for the solvent 
used for the 2nd resist not to dissolve the pattern of the 1st resist and to fully dissolve a 
water-soluble ingredient further, it will not be limited especially if it is the solvent which fills this. For 
example, what is necessary is just to use the independence of water-soluble organic solvents, such 
as alcoholic solvent, such as water (pure water) or water, and IPA, or N-methyl pyrrolidone, or a 
mixed solution as a solvent of the 2nd resist. 

[0044] What is necessary is it to be possible to use alcohols, such as ethanol, a methanol, and 
isopropyl alcohol, gamma-butyrolactone, an acetone, etc., and just to mix in the range which does 
not dissolve the 1st resist pattern as a solvent mixed in water, according to the solubility of the 
ingredient used for the 2nd resist, if it is water solubility, and it is not limited especially and an 
example is given. 

[0045] Now, although the above example explained how to form a detailed resist pattern all over the 
semi-conductor substrate 3, how to form a detailed resist pattern alternatively only in the request 
field of the semi-conductor substrate 3 next is explained. Drawing 6 is the process-flow Fig. of the 
manufacture approach in this case. First, the process of drawing 6 (a) - (c) is the same as that of 
drawing 3 (a) - (c). Like drawing 6 (c), after forming the 2nd resist layer 2 next, as shown in drawing 
6 (d), it shades with a gobo 5, some semi-conductor substrates 3 are again exposed by g line or i 
line of Hg lamp to the selected field, and an acid is generated in 1st resist pattern 1a. This forms the 
bridge formation layer 4 near the interface of the 2nd resist 2 which touches 1st resist pattern 1a in 
the exposed part, as shown in drawing 6 (e). 

[0046] Since the process of subsequent drawing 6 (f) is the same as the process of drawing 3 (f), 
explanation is omitted. Thus, in the field in which the semi-conductor substrate 3 was chosen, the 
bridge formation layer 4 is formed on 1st resist pattern 1a, and it can avoid forming a bridge 
formation layer in the 1st resist pattern in other fields, as shown in drawing 6 (f). According to such 
a formation approach, by using a suitable exposure mask, it can expose alternatively on the 
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semi-conductor substrate 1 t a part for an exposure part and an unexposed part can be 
distinguished, and the 2nd resist pattern can form the field which constructs a bridge in a boundary 
part with the 1st resist pattern, and the field which does not construct a bridge. Thereby, the 
detailed hole or detailed tooth space of a different dimension on the same semi-conductor substrate 
can be formed. 

[0047] Drawing 7 is the process-flow Fig. of other formation approaches for forming a detailed resist 
pattern alternatively only in the request field of the semi-conductor substrate 1. First, the process 
of drawing 7 (a) - (c) is the same as that of drawing 2 (a) - (c). Like drawing 7 (c), after forming the 
2nd resist layer 2 next, as shown in drawing 7 (d), the field where the semi-conductor substrate 3 
was chosen is covered with the electron ray shield 6, and an electron ray is irradiated to other 
fields. Next, if it heat-treats at the process of drawing 7 (e), a bridge formation layer will not be 
formed in the field which irradiated the electron ray, but a bridge formation layer will be formed only 
in the predetermined field which covered electron beam irradiation. 

[0048] Since the process of subsequent drawing 7 (f) is the same as the process of drawing 2 (f), 
explanation is omitted. Thus, in the field in which the semi-conductor substrate 3 was chosen, the 
bridge formation layer 4 is formed on 1st resist pattern 1a, and it can avoid forming a bridge 
formation layer in the 1st resist pattern in other fields, as shown in drawing 7 (f). Thereby, the 
detailed hole or detailed tooth space of a different dimension on the same semi-conductor substrate 
can be formed. 

[0049] As mentioned above, although the formation approach which forms a detailed separation 
resist pattern upwards at the semi-conductor substrate 3 was explained to the detail, the detailed 
separation resist pattern of this invention may not be restricted on the semi-conductor substrate 3, 
may be formed on insulating layers, such as silicon oxide, according to the manufacture process of a 
semiconductor device, and may be formed on conductive layers, such as polish recon film. Thus, 
formation of the detailed separation resist pattern of this invention is not restrained by the 
substrate film, if it is on the base material which can form a resist pattern, in which case, will be 
applicable and will be formed on a base material as occasion demands. Suppose that these are 
named generically and a semi-conductor base material is called. 

[0050] Moreover, in this invention, semi-conductor base materials, such as a semi-conductor 
substrate of a substrate or various thin films, are etched by using as a mask the detailed separation 
resist pattern formed as mentioned above, a detailed tooth space or a detailed hole is formed in a 
semi-conductor base material, and a semiconductor device is manufactured. Moreover, it is effective 
in surface roughening of the base material pattern side-attachment-wall front face after etching 
being carried out by setting up appropriately the ingredient of the 2nd resist and an ingredient 
presentation, or MB temperature, and etching a semi-conductor base material by using as a mask 
the detailed separation resist pattern which formed the bridge formation layer on the 1st resist, and 
was obtained. 

[0051] Gestalt 2. drawing 8 of operation is a process-flow Fig. for explaining the detailed separation 
resist pattern formation approach of the gestalt 2 implementation this invention. With reference to 
drawing 1 and drawing 8, the formation approach of the detailed separation resist pattern of the 
gestalt 2 this operation and the manufacture approach of the semiconductor device using this are 
explained. 

[0052] First, as shown in drawing 8 (a), the 1st resist 11 which contains some acid inside is applied 
to the semi-conductor substrate 3. The 1st resist 11 carries out projection exposure using the mask 
containing a pattern like drawing 1 using g line or i line of Hg lamp, after prebaking (it is heat 
treatment for about 1 minute at 70-100 degrees C) (it is omitting in drawing 8). Drawing 8 (b) shows 
1st resist pattern 11a formed in this way. As an ingredient of the 1st resist 11 used here, what was 
explained with the gestalt 1 of operation is used effectively. The detailed explanation is omitted in 
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order to avoid duplication. Moreover, specifically as an acid included in the 1st resist 1 1, the 
low-molecular acid of a carboxylic-acid system etc. is suitable. 

[0053] Then, after heat-treating by PEB (10-130 degrees C) and raising the resolution of a resist if 
needed, negatives are developed using about 2.0% dilution water bath liquid of TMAH 
(tetramethylammonium hydroxide). Then, postdeveloping BEKU may be performed if needed. Since 
this heat treatment influences a next mixing reaction, it is necessary to set it as suitable 
temperature. The above is the same as that of formation of the resist pattern by the conventional 
resist process as a process, if the point of using the resist 1 1 containing an acid is set aside. 
[0054] Next, as shown in drawing 8 (c) after the pattern formation of drawing 8 (b), the cross-linking 
ingredient which constructs a bridge by existence of an acid on the semi-conductor substrate 3 is 
used as a principal component, and the 2nd resist 12 melted by the solvent which does not dissolve 
the 1st resist 11 is applied. The ingredient of the 2nd resist 12 used here and its solvent can apply 
what was stated with the gestalt 1 of operation, and the same thing, and are effective. The detailed 
explanation is omitted in order to exclude duplication. . Next, this is prebaked after spreading of the 
2nd resist 12 if needed. Since this heat treatment influences a next mixing reaction, it is desirable to 
set it as suitable temperature. 

[0055] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), and crosslinking 
reaction is made to cause near the interface with 1st resist pattern 11a of the 2nd resist 12 by 
supply of the acid from some acid contained in 1st resist pattern 11a, as shown in drawing 8 (d). The 
bridge formation layer 14 which caused crosslinking reaction by this so that 1st resist pattern 11a 
might be covered is formed into the 2nd resist 12. 

[0056] Next, as shown in drawing 8 (e), development exfoliation of the part over which the 2nd resist 
12 is not constructing a bridge using developers, such as water or TMAH, is carried out. It becomes 
possible to obtain the resist pattern which reduced the hole bore of a hole pattern, or the separation 
width of face of the Rhine pattern, or the resist pattern to which the area of an isolated remnants 
pattern was expanded by the above processing. 

[0057] As mentioned above, the 1st resist 1 1 in the gestalt 2 of this operation does not have the 
need of generating an acid by exposure, and it diffuses that acid by heat treatment, and he is trying 
to make it it to be adjusted so that an acid may be included in resist film 1 1 the very thing, and 
construct a bridge. As an acid included in this 1st resist 1 1, although the low-molecular acid of a 
carboxylic-acid system etc. is suitable, if mixing in a resist solution is possible, especially limitation 
will not be carried out. 

[0058] Moreover, it is the same as that of the gestalt 1 of the operation described previously to 
form this detailed separation resist pattern on various kinds of semi-conductor base materials, and 
to form [ hole / a detailed separation tooth space or / detailed ] it on a semi-conductor base 
material, using this as a mask. 

[0059] Gestalt 3. drawing 9 of operation is a process-flow Fig. for explaining the formation approach 
of the detailed separation resist pattern of the gestalt 3 implementation this invention. With 
reference to drawing 1 and drawing 9, the formation approach of the detailed separation resist 
pattern of the gestalt 3 this operation and the manufacture approach of the semiconductor device 
using this are explained. 

[0060] First, as shown in drawing 9 (a), the 1st resist 21 is applied to the semi-conductor substrate 
3. After prebaking to the 1st resist 21 (it is heat treatment for about 1 minute at 70 to 100 degree 
C), projection exposure is carried out using the mask containing a pattern like drawing 1 using g line 
or i line of Hg lamp, corresponding to the sensitization wavelength of the 1st resist 21 (illustration is 
omitted in drawing 9). As an ingredient of the 1st resist 21 used here, what was explained with the 
gestalt 1 of operation is used effectively. The detailed explanation is omitted in order to avoid 
duplication. 
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[0061] Next, after it heat-treats by PEB (10-130 degrees C) and a resist carries out improvement in 
resolution if needed, negatives are developed using about 2.0% dilution water solution of TMAH 
(tetramethylammonium hydroxide). Drawing 9 (b) shows pattern 21a of the 1st resist formed in this 
way. Then, postdeveloping BEKU may be performed if needed. Since this heat treatment influences a 
next mixing reaction, it is necessary to set it as suitable temperature. The above is the same as that 
of formation of the resist pattern by the conventional resist process as a process. 
[0062] As shown after the pattern formation of drawing 9 (b), next in drawing 9 (c), immersion 
processing of the semi-conductor substrate 3 is carried out with an acidic solution. The art is good 
in the method of the usual paddle development. Moreover, you may carry out by the vapor rise 
(blasting) of an acidic solution. Moreover, surface treatment may be carried out by the sour gas. Any 
of an organic acid and an inorganic acid are sufficient as the acidic solution or sour gas in this case. 
Specifically, a low-concentration acetic acid is mentioned as a suitable example. In this process, an 
acid sinks in near the interface of 1st resist pattern 21a, and the film containing an acid is formed. 
Then, a rinse is carried out using pure water if needed. 

[0063] Then, as shown in drawing 9 (e), the cross-linking ingredient which constructs a bridge by 
existence of an acid on the 1st resist pattern 21 is used as a principal component, and the 2nd 
resist 22 melted by the solvent which does not dissolve the 1st resist 21 is applied. What has the 
ingredient of the 2nd resist 22 used here and its solvent be [ the same as that of what was stated 
with the gestalt 1 of operation ] it is used effectively. In order to avoid duplication, the detailed 
explanation is omitted. Next, the 2nd resist 22 is prebaked after spreading of the 2nd resist 22 if 
needed. Since this heat treatment influences a next mixing reaction, it is set as suitable 
temperature. 

[0064] Next, the semi-conductor substrate 3 is heat-treated (60-130 degrees C), bridge formation 
BEKU is performed, and crosslinking reaction is made to cause by supply of the acid from the 1st 
resist pattern 21a near the interface with 1st resist pattern 21a of the 2nd resist 22, as shown in 
drawing 9 (f). The bridge formation layer 24 which caused crosslinking reaction by this so that 1st 
resist pattern 21a might be covered is formed into the 2nd resist 22. 

[0065] Next, as shown in drawing 9 (g), development exfoliation of the part over which the 2nd resist 
22 is not constructing a bridge using developers, such as water or TMAH, is carried out. It becomes 
possible to obtain the resist pattern which reduced the hole bore of a hole pattern, or the separation 
width of face of the Rhine pattern by the above processing. 

[0066] As mentioned above, before not needing the process which generates an acid for the 1st 
resist but forming the 2nd resist 22 on 1st resist pattern 21a by exposure processing, surface 
treatment by the acid liquid or the sour gas is performed, and an acid is diffused by heat treatment 
at a next process, and it is made to construct a bridge according to the gestalt 3 of this operation. 
[0067] Moreover, it is the same as that of the gestalten 1 and 2 of the operation described 
previously to form the detailed separation resist pattern which carried out in this way and was 
formed on various kinds of semi-conductor substrates, to form a detailed separation tooth space or 
a detailed detailed hole etc. on a semi-conductor substrate by making this into a mask, and to 
manufacture a semiconductor device. 
[0068] 

[Example] Next, the example relevant to the gestalten 1-3 of each aforementioned operation is 
explained. Since one example may be related to the gestalt of one or more operations, it explains 
collectively. First, the examples 1-5 about the 1st resist ingredient are explained. 
As the example 1. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the resist 
pattern was formed using i line resist using ethyl lactate and propylene glycol monoethyl acetate as 
a solvent. First, said resist was dropped on Si wafer, after carrying out rotation spreading, it 
prebaked in 85 degrees C / 70 seconds, the solvent in a resist was evaporated, and the 1st resist 
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was formed by about 1.0 micrometers of thickness. Next, the 1st resist was exposed as an exposure 
mask using the mask as shown in drawing 1, using i line contraction projection aligner as an aligner. 
Next, PEB processing was performed in 120 degrees C / 70 seconds, then negatives were 
developed using the alkali developer (the TOKYO OHKA KOGYO CO., LTD. make, NMD3), and the 
resist pattern with separation size as shown in drawing 10 was obtained. 

[0069] As the example 2. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the 
resist pattern was formed using i line resist using 2-heptanone as a solvent. First, said resist was 
formed so that it might become about 0.8 micrometers of thickness by dropping and rotation 
spreading on Si wafer. Next, it prebaked in 85 degrees C / 70 seconds, and the solvent in a resist 
was dried. Then, it exposed using the mask as shown in drawing 1 using i line contraction projection 
aligner. Next, PEB processing was performed in 120 degrees C / 70 seconds, then negatives were 
developed using the alkali developer (Tokyo adaptation shrine make, NMD3), and the resist pattern 
with separation size as shown in drawing 10 was obtained. 

[0070] As the example 3. 1st resist, it consisted of novolak resin and naphthoquinonediazide and the 
resist pattern was formed using i line resist using the mixed solvent of ethyl lactate and butyl 
acetate as a solvent. First, said resist was formed so that it might become about 1.0 micrometers of 
thickness by dropping and rotation spreading on Si wafer. Next, it prebaked in 100 degrees C / 90 
seconds, and the solvent in a resist was dried. Then, it exposed using the mask as shown in drawing 

I using SUTEBBA by NIKON CORP. Next, PEB processing was performed in 110 degrees C / 60 
seconds, then negatives were developed using the alkali developer (Tokyo adaptation shrine make, 
NMD3), and the resist pattern as shown in drawing 10 was obtained. 

[0071] as the example 4. 1st resist — Tokyo — adaptation — the resist pattern was formed using 
the shrine chemistry magnification mold excimer resist. First, said resist was formed so that it might 
become about 0.8 micrometers of thickness by dropping and rotation spreading on Si wafer. Next, it 
prebaked in 90 degrees C / 90 seconds, and the solvent in a resist was dried. Then, it exposed using 
the mask as shown in drawing 1 using the KrF excimer contraction projection aligner. Next, PEB 
processing was performed in 100 degrees C / 90 seconds, then negatives were developed using the 
alkali developer (Tokyo adaptation shrine make, NMD-W), and the resist pattern as shown in drawing 

I I was obtained. 

[0072] As the example 5. 1st resist, the resist pattern was formed using the chemistry magnification 
mold resist (2773 MELKER, J.Vac.Sci.Technol., B11 (6) 1993) by Ryoden Kasei CO., LTD. which 
consists of t-Boc-ized polyhydroxy styrene and an acid generator. First, said resist was formed so 
that it might become about 0.52 micrometers of thickness by dropping and rotation spreading on Si 
wafer. Next, **-KU was performed in 120 degrees C / 180 seconds, and the solvent in a resist was 
dried, then, this resist top — as the antistatic film — the Showa Denko K.K. make — after carrying 
out rotation spreading of S pay sir ESP-100 similarly, **-KU was performed in 80 degrees C / 120 
seconds. Next, it drew by 1 7.4microC/cm2 using EB drawing equipment. Next, after performing PEB 
in 80 degrees C / 120 seconds, pure water was used, and the resist pattern was continuously 
exfoliation and developed using the TMAH alkali developer (Tokyo adaptation shrine NMD-W) in the 
antistatic film. Consequently, about 0.2-micrometer EB resist pattern as shown in drawing 12 was 
obtained. 

[0073] Next, the examples 6-13 about the 2nd resist ingredient are explained. 

example 6. — as the 2nd resist ingredient — 1L measuring flask — using — 20wt% water-solution: 
of the polyvinyl-acetal resin S leks KW3 and KW1 by Sekisui Chemical Co., Ltd. — pure-water:400g 
was added to 100g, respectively, stirring mixing was carried out at the room temperature for 6 hours, 
and the 5wt% water solution of polyvinyl-acetal resin KW3 and KW1 was obtained, respectively. 
[0074] example 7. — as 2nd resist ingredient, it replaced with the polyvinyl-acetal resin of an 
example 6, and each 5wt% water solution was obtained like the example 6 using polyvinyl alcohol 
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resin, oxazoline content water soluble resin (the NIPPON SHOKUBAI Co., Ltd. make, the EPO cross 
WS 500), and a styrene maleic anhydride copolymer (the product made from ARCOchemical, SMA 
1000 and 1440H). 

[0075] example 8. — using 1L measuring flask as 2nd resist ingredient, stirring mixing of methoxy 
methylol melamine (product [ made from Mitsui SAINAMIDO ], Cymel 370):100g, pure-water:780g, 
and the IPA:40g was carried out at the room temperature for 6 hours, and the about 10 wt(s)% 
methylol melamine water solution was obtained. 

[0076] example 9. — using 1L measuring flask as 2nd resist ingredient, in methoxy 
(N-methoxymethyl) ethylene urea:100g, hydroxy (N-methoxymethyl) ethylene urea:100g, and 
N-methoxymethyl urea:100g, stirring mixing of pure~water:860g and the IPA:40g was carried out at 
the room temperature for 6 hours, and the about 10 wt(s)% ethylene urea water solution was 
obtained, respectively. 

[0077] example 10. — stirring mixing of KW3 water-solution:1 60g of the polyvinyl acetal obtained in 
the example 6 and methoxy methylol melamine water~solution:20g obtained in the example 8 and the 
pure-water:20g was carried out at the room temperature as 2nd resist ingredient for 6 hours, and 
water soluble resin and the mixed solution of a water-soluble cross linking agent were obtained. 
[0078] example 11. — as 2nd resist ingredient, in KW3 water-solution:! 60g of the polyvinyl acetal 
obtained in the example 6, methoxy (N-methoxymethyl) ethylene urea water-solution:20g obtained in 
the example 9, hydroxy (N-methoxymethyl) ethylene urea water-solution:20g, and N-methoxymethyl 
urea water-solution:20g, stirring mixing of the pure-water:20g was carried out at the room 
temperature for 6 hours, and water soluble resin and the mixed solution of a water-soluble cross 
linking agent were obtained, respectively. 

[0079] example 12. — each was mixed for KW3 water-solution:! 60g of the polyvinyl acetal obtained 
in the example 6, and lOg, 20g, 30g of the methoxy ethylene urea water solution obtained in the 
example 9, and pure-water:20g under the room temperature as 2nd resist ingredient for 6 hours. 
Consequently, the concentration of the methoxy ethylene urea which is a water-soluble cross linking 
agent to polyvinyl-acetal resin obtained three kinds of 2nd 27wt% resist water solution 20wt% about 
1 lwt%. 

[0080] As the example 13. 2nd resist, stirring mixing of the 5wt% water solution of polyvinyl alcohol 
resin was carried out under the room temperature by mixing Og, 35.3g, and 72. 2g for 6 hours among 
the water-soluble-resin solutions obtained in the example 7 to lOOg of the 5wt(s)% polyvinyl-acetal 
resin water solution obtained in the example 6 r and three kinds of mixed solutions with which the 
mixing ratios of polyvinyl-acetal resin and polyvinyl alcohol resin differ were obtained. 
[0081] Next, the examples 14-22 of detailed resist pattern formation are explained. 
On Si wafer with which the 1st resist pattern obtained in the example 14. example 3 was formed, 
after dropping and carrying out the spin coat of the 2nd resist ingredient obtained in the example 12, 
it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was formed. Next, mixing BEKU 
(MB) was performed in 120 degrees C / 90 seconds, and crosslinking reaction was advanced. Next, 
by developing negatives using pure water, carrying out development exfoliation of the layer 
non-constructing a bridge, and performing postbake in next 90 degrees C / 90 seconds, the 2nd 
resist bridge formation layer was formed on the 1st resist pattern, and as shown in drawing 13, the 
2nd resist pattern was formed. In drawing 13, the mixing ratio of water soluble resin was changed by 
having made the diameter of a hole of the 2nd resist pattern into the length measurement location, 
and the resist pattern size after the bridge formation stratification was measured. This result is 
shown in the table of drawing 14. In this case, by changing the amount of mixing of polyvinyl-acetal 
resin and polyvinyl alcohol resin shows that it is possible to control the thickness of the bridge 
formation layer formed on the 1st resist. 

[0082] On Si wafer with which the 1st resist pattern obtained in the example 15. example 2 was 
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formed, after the resin water solution of KW1 obtained in the example 6 was dropped as 2nd resist 
ingredient and carried out the spin coat it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, complete exposure was performed to the wafer using i line aligner. 
Furthermore, mixing BEKU (MB) was performed in 150 degrees C / 90 seconds, and crosslinking 
reaction was advanced. Next, negatives were developed using pure water, development exfoliation of 
the layer non-constructing a bridge was carried out, and the 2nd resist bridge formation layer was 
formed on the hole pattern which is the 1st resist pattern like what was shown in drawing 13 by 
performing postbake in 1 10 degrees C / 90 seconds continuously. The resist pattern size after the 
bridge formation stratification was measured about the case where it does not consider as the case 
where complete exposure is carried out by making into a length measurement location the diameter 
of a hole of the 2nd resist pattern shown in drawing 13. This result is shown in the table of drawing 
15. When the 1st resist hole pattern size of 0.4 micrometers before forming a bridge formation layer 
performed complete exposure by this and about 0.14 micrometers and complete exposure were not 
performed, it was reducing by about 0.1 1 micrometers. In this case, by performing complete 
exposure before MB **-KU, compared with the case where it does not carry out, crosslinking 
reaction advanced more and the bridge formation layer was thickly formed in the 1st resist front 
face. 

[0083] On Si wafer with which the 1st resist pattern obtained in the example 16. example 2 was 
formed, the mixed solution of the polyvinyl-acetal resin obtained in the example 1 1 and an ethylene 
urea was used as the 2nd resist. After dropping and carrying out the spin coat of the 2nd resist 
ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was formed. Next, for 
105 degrees C / 90 seconds, for 115 degrees C / 90 seconds, mixing BEKU (MB) was performed on 
three kinds of conditions for 125 degrees C / 90 seconds, and crosslinking reaction was performed. 
Next, negatives were developed using pure water and development exfoliation of the non-cross 
linking agent was carried out, and by performing postbake in 90 degrees C / 90 seconds 
continuously, as shown in drawing 16, the 2nd resist bridge formation layer was formed on the 1st 
resist pattern. The temperature of mixing BEKU (MB) was changed by having made into the length 
measurement location the tooth space in the diameter of a hole, the Rhine pattern, and isolated 
remnants pattern of the 2nd resist pattern shown in drawing 16, and the resist pattern size after the 
bridge formation stratification was measured. This result is shown in the table of drawing 17. 
Consequently, with the resist pattern after the bridge formation stratification, the size of the tooth 
space in the bore of a hole pattern, and the Rhine pattern and an isolated remnants pattern of 
0.4-micrometer size formed in the example 2 is reduced, as shown in drawing 17, and the amount of 
contraction is increasing while MB temperature becomes high. From this, the temperature control of 
MB shows that control of crosslinking reaction is possible with a sufficient precision. 
[0084] On Si wafer with which the 1st resist pattern obtained in the example 17. example 3 was 
formed, the mixed solution from which the concentration of*an ethylene urea differs with the 
polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin obtained in the 
example 12 and an ethylene urea mixed water solution, and polyvinyl alcohol resin and an ethylene 
urea mixed water solution was used as the 2nd resist. After dropping and carrying out the spin coat 
of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd resist film was 
formed. Next, mixing BEKU (MB) was performed in 65 degrees C / 70 +100 degrees C / per second, 
and 90 seconds, and crosslinking reaction was performed. Next, negatives were developed using 
pure water, development exfoliation of the layer non-constructing a bridge was carried out, and the 
2nd resist bridge formation layer was formed on the 1st resist pattern like what was shown in 
drawing 13 by performing postbake in 90 degrees C / 90 seconds continuously. The amount of 
mixing of a water-soluble cross linking agent was changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13, and the 
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resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 18. Consequently, the bore of the hole pattern of about 0.4-micrometer size formed 
in the example 3 is reduced as shown in drawing 18, and the amount of contraction becomes so 
large that the amount of mixing of a water-soluble cross linking agent increases. From this, by 
adjusting the mixing ratio of a water-soluble ingredient shows that control of crosslinking reaction is 
possible with a sufficient precision. Moreover, but by [ with the same amount of cross linking agents 
] changing the class of water soluble resin shows that it is possible to control the amount of 
contraction. 

[0085] On Si wafer with which the 1st resist pattern obtained in the example 18. example 3 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, the polyvinyl-acetal resin 
water solution obtained in the example 1 1, and the mixed solution of the N-methoxymethy|-methoxy 
ethylene urea mixed water solution which is a water-soluble cross linking agent, a hydroxy 
(N-methoxymethyl) ethylene urea, and N-methoxymethyl urea were used as the 2nd resist. After 
dropping and carrying out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 
70 seconds, and the 2nd resist film was formed. Next, mixing BEKU (MB) was performed in 65 
degrees C / 70 +100 degrees C / per second, and 90 seconds, and crosslinking reaction was 
performed. Next, negatives were developed using pure water, development exfoliation of the layer 
non-constructing a bridge was carried out, and the 2nd resist bridge formation layer was formed on 
the 1st resist pattern like what was shown in drawing 13 by performing postbake in 90 degrees C / 
90 seconds continuously. The water-soluble cross linking agent was changed by having made into 
the length measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 
13, and the resist pattern size after the bridge formation stratification was measured. This result is 
shown in the table of drawing 1 9. Consequently, the bore of the hole pattern of about 
0.4-micrometer size formed in the example 3 is reduced as shown in drawing 19, and as for the 
amount of contraction, a difference is accepted by the difference in a water-soluble cross linking 
agent. From this, the difference in the class of water-soluble ingredient to mix shows that control of 
crosslinking reaction is possible. 

[0086] On Si wafer with which the 1st resist pattern obtained in the example 19. example 4 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, and the polyvinyl-acetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixed water solution 
which is a water-soluble cross linking agent were used as the 2nd resist. After dropping and carrying 
out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, mixing BEKU for 90 seconds (MB) was performed at predetermined 
temperature, and crosslinking reaction was performed. Next, negatives were developed using pure 
water, development exfoliation of the layer non-constructing a bridge was carried out, and the 2nd 
resist bridge formation layer was formed on the 1st resist pattern like what was shown in drawing 13 
by performing postbake in 90 degrees C / 90 seconds continuously. The amount of a water-soluble 
cross linking agent and reaction temperature were changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13, and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 20. Consequently, the resist pattern size of about 0.3 micrometers formed in the 
example 4 is reduced as shown in drawing 20, and a difference is accepted with the amount of 
water-soluble cross linking agents, and reaction temperature. Also when the chemistry magnification 
mold resist which generates an acid by optical exposure is used from this, it turns out that control 
of the resist pattern size by crosslinking reaction is possible. 

[0087] On Si wafer with which the 1st resist pattern obtained in the example 20. example 5 was 
formed, the polyvinyl-acetal water solution obtained in the example 6, and the polyvinyl-acetal resin 
water solution obtained in the example 1 1 and the methoxy ethylene urea mixed water solution 
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which is a water-soluble cross linking agent were used as the 2nd resist. After dropping and carrying 
out the spin coat of the 2nd resist ingredient, it prebaked in 85 degrees C / 70 seconds, and the 2nd 
resist film was formed. Next, mixing BEKU (MB) was performed in 105 or 115 degrees C / 90 
seconds, and crosslinking reaction was performed. Next, negatives were developed using pure water 
and development exfoliation of the layer non-constructing a bridge was carried out, and by 
performing postbake in 90 degrees C / 90 seconds continuously, as shown in drawing 13, the 2nd 
resist bridge formation layer was formed on the 1st resist pattern. The amount of a water-soluble 
cross linking agent and reaction temperature were changed by having made into the length 
measurement location the diameter of a hole of the 2nd resist pattern shown in drawing 13, and the 
resist pattern size after the bridge formation stratification was measured. This result is shown in the 
table of drawing 21. Consequently, the size of the resist pattern of about 0.2-micrometer size 
formed in the example 5 is reduced as shown in drawing 21, and as for the amount of contraction, a 
difference is accepted by the difference in a water-soluble ingredient, and the difference in MB 
temperature. Also when EB resist of the chemistry magnification mold which consists of t-Boc-ized 
polyhydroxy styrene and an acid generator is used from this, it turns out that control of the resist 
pattern size by crosslinking reaction is possible. 

[0088] On the 1st resist pattern obtained in the example 21. example 2, the electron ray was 
irradiated alternatively. The exposure of an electron ray irradiated 50microC/cm2. Next, the 
polyvinyl-acetal resin water solution obtained in the example 1 1 and the methoxy ethylene urea 
mixed water solution which is a water-soluble cross linking agent were applied as the 2nd resist on 
the 1st resist pattern which irradiated the electron ray. Spreading trickled the 2nd resist ingredient, 
and performed the spin coat, then prebaked in 85 degrees C / 70 seconds, and formed the 2nd 
resist film. Furthermore, mixing BEKU (MB) was performed in 120 degrees C / 90 seconds, and 
crosslinking reaction was performed. The 2nd resist bridge formation film was alternatively formed 
on the 1st resist pattern like what was shown in drawing 13 by developing negatives by using pure 
water finally, carrying out development exfoliation of the layer non-constructing a bridge, and 
performing postbake in next 1 10 degrees C / 70 seconds. The resist pattern size after the bridge 
formation stratification was measured about the exposure part of an electron ray, and the 
non-irradiated part by making into a length measurement location the diameter of a hole of the 2nd 
resist pattern shown in drawing 13. This result is shown in the table of drawing 22. Consequently, in 
the part which did not irradiate an electron ray, about 0.4-micrometer resist pattern formed in the 
example 2 was reduced, as shown in drawing 22, about the part which irradiated the electron ray 
alternatively, crosslinking reaction did not occur and contraction of hole size was not seen. By the 
pattern of the part irradiated by irradiating an electron ray alternatively after forming a resist 
pattern from this, since a reaction does not arise, it turns out that size control of an alternative 
resist pattern is possible. 

[0089] The 1st resist pattern obtained in the example 22. example 2 was formed on Si wafer with 
which the oxide film was formed, and the 1st resist pattern as shown in drawing 23 was formed. 
Next after dropping and carrying out the spin coat of the 2nd resist ingredient obtained in the 
example 1 2 and prebaking in 85 degrees C / 70 seconds, the 2nd resist bridge formation layer was 
formed on the 1st resist pattern by carrying out development exfoliation of the layer 
non-constructing a bridge with pure water, performing mixing BEKU in 105 degrees C / 90 seconds, 
and performing postbake in 90 degrees C / 90 seconds continuously. Furthermore, the substrate 
oxide film was etched using the etching system, and the pattern configuration after etching was 
observed. Moreover, it etched similarly about the wafer in which the 1 st resist pattern shown in 
drawing 23 which does not process this invention as an example of a comparison was formed. 
Consequently, while separation width of face was reduced as shown in drawing 24 (b) and (c) when 
this invention was applied as compared with drawing 24 (a) when not applying this invention, the 
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oxide-film pattern with which surface roughening of the side attachment wall was carried out was 
obtained. Moreover, it turns out that extent of surface roughening is controllable by the amount of 
mixing of a cross linking agent. 

[0090] In addition, this application also includes the following invention besides invention indicated to 
the claim, as explained to the detail above. Other invention of this application is one kind in 
polyacrylic acid, a polyvinyl acetal, a polyvinyl pyrrolidone, polyvinyl alcohol, polyethyleneimine, 
polyethylene oxide, a styrene maleic anhydride copolymer, a polyvinyl amine, the poly allylamine, 
oxazoline radical content water soluble resin, water-soluble melamine resin, a water-soluble 
urea-resin, an alkyd resin, and a sulfonamide, or these two kinds or more of mixture, or a detailed 
pattern formation ingredient characterized by using these salts as a principal component as said 
water soluble resin in a thing according to claim 1. 

[0091] Moreover, other invention of this application is detailed pattern formation ingredients 
characterized by using one kind or these two kinds or more of mixture of a melamine derivative, a 
urea derivative, benzoguanamine, and the glycoluryl as a principal component as said water-soluble 
cross linking agent in a thing according to claim 2. 

[0092] Moreover, other invention of this application is detailed pattern formation ingredients 
characterized by using one kind or such mixture of a melamine and the alkoxy methylene melamines 
as a principal component as said melamine derivative in a thing according to claim 2. 
[0093] Moreover, other invention of this application is detailed pattern formation ingredients 
characterized by using one kind or these two kinds or more of mixture of a urea, alkoxy 
methyleneurea, N-alkoxy methyleneurea, an ethylene urea, and an ethylene urea carboxylic acid as a 
principal component as said urea derivative in a thing according to claim 2. 
[0094] Moreover, other invention of this application is detailed pattern formation ingredients 
characterized by using either of the mixture of a melamine derivative, a urea derivative or a 
melamine derivative, and a urea derivative as said water-soluble cross linking agent, using either of 
the mixture of a polyvinyl acetal, polyvinyl alcohol or polyvinyl alcohol, and a polyvinyl acetal as said 
water soluble resin in a thing according to claim 3. 

[0095] Moreover, other invention of this application is detailed pattern formation ingredients 
characterized by including a plasticizer as an additive in a thing according to claim 3. 
[0096] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by forming said 1st resist pattern by the resist which generates 
an acid by heat-treatment in a thing according to claim 5. 

[0097] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by forming said 1st resist pattern by the resist which generates 
an acid by exposure in a thing according to claim 5. 

[0098] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by forming said 1st resist pattern by the resist containing an 
acid in a thing according to claim 5. 

[0099] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by forming said 1st resist pattern by the resist which performed 
surface preparation by the acid liquid or acid gases in a thing according to claim 5. 
[0100] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by using the resist which uses novolak resin and mixture of a 
naphthoquinonediazide system sensitization agent as a principal component as said 1st resist in a 
thing according to claim 5. 

[0101] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by using the chemistry magnification mold resist which has the 
device in which an acid is generated, as said 1st resist in a thing according to claim 5. 
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[0102] Moreover, other invention of this application is the manufacture approaches of the 
semiconductor device characterized by using water or a water-soluble mixed solvent as a solvent of 
said 2nd resist in a thing according to claim 8. 
[0103] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to this invention, 
the charge of detailed separation resist pattern formation material which makes pattern formation 
exceeding a wavelength limitation possible, and the detailed pattern formation approach using it are 
acquired in detailed-izing of the separation pattern of a resist, and a hole pattern. Thereby, the 
diameter of a hole of a Hall system resist pattern can be reduced conventionally, and the separation 
width of face of a SU **-SU system resist pattern can be reduced conventionally, moreover, the 
tooth space by which detailed separation was carried out on the semi-conductor base material, 
using as a mask the detailed separation resist pattern which carried out in this way and was formed 
— or hole formation can be carried out. Moreover, the semiconductor device which has the tooth 
space or hole by which detailed separation was carried out by such manufacture approach can be 
obtained. 

[Brief Description of the Drawings] 

[Drawing 1] Drawing of the mask pattern for explaining the resist pattern formation approach of the 
gestalt 1 implementation this invention. 

[Drawing 2] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 
1 implementation this invention. 

[Drawing 3] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 
1 implementation this invention. 

[Drawing 4] Drawing showing the example of the water-soluble-resin constituent used by the resist 
pattern formation approach of the gestalt 1 implementation this invention. 

[Drawing 5] Drawing showing the example of the water-soluble cross linking agent used by the resist 
pattern formation approach of the gestalt 1 implementation this invention. 

[Drawing 6] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 
1 implementation this invention. 

[Drawing 7] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

1 implementation this invention. 

[Drawing 8] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

2 implementation this invention. 

[Drawing 9] The process flow Fig. for explaining the resist pattern formation approach of the gestalt 

3 implementation this invention. 

[Drawing 10] The 1st resist pattern in the examples 1, 2, and 3 of this invention. 
[Drawing 11] The 1st resist pattern in the example 4 of this invention. 
[Drawing 12] The 1st resist pattern in the example 5 of this invention. 
[Drawing 13] The 2nd resist pattern in the example 14 of this invention. 

[Drawing 14] Drawing showing the mixing ratio of the water soluble resin in the example 14 of this 

invention, and the resist pattern size after the bridge formation stratification. 

[Drawing 15] Drawing showing the resist pattern size after the existence of the exposure in the 

example 15 of this invention, and the bridge formation stratification. 

[Drawing 16] The 2nd resist pattern in the example 16 of this invention 

[Drawing 17] Drawing showing the mixing baking temperature in the example 16 of this invention, and 
the resist pattern size after the bridge formation stratification. 

[Drawing 18] Drawing showing the mixing ratio of the water-soluble ingredient in the example 17 of 

this invention, and the resist pattern size after the bridge formation stratification. 

[Drawing 19] Drawing showing the resist pattern size after the class of water-soluble ingredient in 



5/1/2006 5:19 PM 



http://www4jpd].ncipi.gojp/cgi-bin/tran_web_cgi_ejje?u==http%3A.. 
the example 18 of this invention, and the bridge formation stratification. 

[Drawing 20] Drawing showing the amount of the water-soluble ingredient in the example 19 of this 
invention, and mixing baking temperature and the resist pattern size after the bridge formation 
stratification. 

[Drawing 21] Drawing showing the resist pattern size after the class of water-soluble ingredient in 
the example 20 of this invention, and the bridge formation stratification. 

[Drawing 22] Drawing showing the resist pattern size after the existence of the electron beam 
irradiation in the example 21 of this invention, and the bridge formation stratification. 
[Drawing 23] Drawing showing the 2nd resist pattern in the example 22 of this invention. 
[Drawing 24] Drawing showing the pattern configuration after etching of the substrate oxide film in 
the example 22 of this invention. 
[Description of Notations] 

1, 11, 21 The 1st resist 1a, 2a, 3a The 1st resist pattern 2, 12, 22 The 2nd resist 2a, 12a, 22a The 
2nd resist pattern 3 Semi-conductor substrate (semi-conductor base material) 4, 14, 24 Bridge 
formation layer. 



[Translation done.] 
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[0 0 5 8] 0 8 (f) KSi-Jt5K, TKSfc 

tt, TMAH|©8SiS4:ffll' , tl2©l/^ F 1 2© 

[0059] jw±cd i 5 r ©Hig©ii 2 tdiolt -5 

[0 0 6 0] Cl<D«»#fiu** 

[0 0 6 1] nn<OJtm3. 0 9l±. ^(7)^0^£7)^1>SO 
5fci!)©/DtX7n-@TJ)5 D 0 1 5:^0 9 

[0 0 6 2] 5fe-f, 0 9 (a) liTPi-iplC. 
®3(-, Il©l/'^l-2 1l:i*t5. ^lWU-v/^ 

F2ii;yH-^ (7 0-iootfi^stwiJa 
a) irteLfcm, li«u^h2i©SMSi;e;i: 

1 <n>Wi.' < -9-^*-§ts-**9 zm^x&%.m%-tz> 

(0 9T-»i0*4r€fB&L-r^-5) „ :;tfflv^f 1© 

i 2 1 wasi LT«. %%o>im 1 T-tftpj ufc 
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[0 0 6 3] &5?lO£X1\ PEB (10-13 

Ot) T«ILU^ hW«|^|fi)±$-frfc^, TM 
AH(f h^^jy^'JW Kntf^U-^ K)W 

%o2. o%$;VMi®m$:m^m-fz>o 09 cm ~ 

0 LXJ&f&£tltc%il <DUisX Y<Ds<? — >2 1 a 

tT9*^t>*>5o ^©ii^Sll^w? *?si>"fKfc\Z-%> 

i8W5caStK£i-5!6;.Sis*)5. £l±li. 
T-D-fe^i: LTIi, ^jfe^l/v^ h 7° Pirate l&U is 

[0 0 6 4] 09 (b) <Z>'<9->J&J&&. 09 
(c) 1^1" J; 5 **#SS3S:Ktt»}R-egflt» 

l\ SHfigffi©^-^^:** (tk£ttt}) T'fTo 

ifctt;tf;*T£ffi«yi&LTt>J:V\, r. 

lroi/-^ — >2 1 a ©#05£f§ K 
[006 5] ■?■©&, 19 ( e ) IC^-f-J: 5 (C, |1© 

i©±ic m<D&i±\z£. *)m&-tz> 
&m&ttntti$.ftb u m 1©^ h 2 1 zmmv 

riffflV^M2»U-^ h 2 2©tm*S.tlF*:©»|S| 
t±. Ifi«il 1 T-a^fct^irPirotiO^M 

m2<DVi>* v 2 2^yy-<-^-r5 <! r©f»»att» 

[0066] tSkfc. 0 9 (f ). fc*-f\fc5K:. ^NfftS 
ffi3$r]»«yi (6 0~1 3 0*0 LT. aSffi^-^&fT 
V\ Bl ©Uv?* h/°^->2 1 a d>t>©&©t!fc&T\ 
m2<DUi^^ h 2 2»U©l/y? — >2 1 a £ 

©#ffiis^T«R^^er s-a-^o rtticii?.Bi 

«^ Yy<9->2 1 a *:*8M-aJ:5tJBfl|R(S:«: 
Lfc95«S 4 2 © 1^* h 2 2tpl^J5)t£ft 

So 

[0 0 6 7] jfclr, 09 (g) l'^1"J;5l'. 
li, TUA\\mnm%.m^m^^XW,2(DU^^Y2 2(D 

mm Lx^tt^®ftz$L&mm-fz>o a±©&aicj; 

>©#$M>5 Lfc u- x h - y £ # 5 - £ 3? pj 
[0068] r<75^te<7?^^3tC«ttl 
USSr&Mtiir-f % Il©i/vxh/^-y2 1 all; 
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[0 0 6 9] vfCLTff^Lfc'^iSB^St^ 

10 [0 0 7 0] 

3kMMl^^xm,W-fZ 0 — ooHlfiWis, -o£l±© 
5. Ai*. Mt^Hi-5HI6fi»li~5^ 

wars. 

20 S"f. HUlBL-^ h^, S i ±l^jgT, IhIG^ 

^Lfcfg, 8 5^/7 0#T-yy ^£tfV\ l^v^ 
F^Wjg^^B^-iirT^liDU^ h€r^ffi^)l. 0 

M m t-jfm tfc 0 ^ 1- . mytmm tir ; m%,is&% 

S3fegSSrfflv\ fiv^^a^ Ell^ti^i 

2 01C/7 0#T-PEBMa^tTV\ Sc^T, T/U* y 
m«» (jKJKJCfkXlSttK, NMD 3) «r^V^m*Sr 
frv\ 01 OiZ7ji-r£otj:ttM.-y--J XZ^uisx 

30 [0 0 7 1 ] MMW2. Iiou-^ hi: tr. 

LT 2 -^7"^ ; yjrffiv^: i lu-^ M : fflv> > vi> 
xh'<#—>%Mf$.Lti e 4-f % BMffiUv?^- Si 
±fci(tT» ISHst6^K:J:9BiJfiKjO. 8^mi 
fc-SJ; 9ldf£lgLfc 0 8 5t/7 0#T7°y-<- 

ffl^T, mt/tZft-otc }fk^. 1 2 0t/7 0g»tPE 
B*aaS:ffv\ gEv^, 7yu*!ia*« (JtOKJCffctt 

40 Jg, NMD 3) *fflV»T5<l4ffl\ 01Ot*fi9 
[0 0 7 2] ^^0"J3. f§l ©U^ h i LT, ytf'y 

Lx%m*3-*km&y' : 3-;i><Dm&mm&m^tz i 
mmmi. oiimtttzx ?\a$.mLtz 0 m^. 100 

■C/9 O^T-yy^-^^rfrVv h^c0)g^5r^ 
50 HC^i-J; vft-7*^£ffi^-t\ @jt^ffofc 0 



(10) 

17 

1 1 0°C/6 0$rC-PEB$!y!£*TV\ ffc^X, T/ u$ 

yma» (Msut-mm. nmd3> zm^xmitzn 

t\ @ioi^tJ;?/£^h^?-y^#fc 0 
[00 7 3] 30£#J4. ^©l/^hi LT> JfcjSCJS 

stf-^imftLLiz. *1\ busbi^* si^ 

.fcpfcJ*RL.fc. 9 Ot:/9 0?£T- 

*tV\ i/^* M»©jgjatS:?Sii$-B:fc. «^T. KrF 
**'>-^*'W5l»«*Ka*rffl^T» HlK*i"J:54 io 
-eX^Srffll^T. jEtSrffofc. lOOt/90 
8>-CPEB«yS£frV\ t^t, T^ySftiK OIur 
JSft&SU NMD— W) &JSvt-r&fefrfrv\ liil: 

[0 0 7 4] HJ&01J5. rou-^ h h Lt, t-B 
ocilrf!) t Kn^^i^fcUfc^a^flMcSft 
SSaft^tt»©ib#JfiliSt'^^ h (ME LKER, 
J. Vac. Sci. Technol. , Bll (6) 

2 7 7 3, 1 9 9 3) *fflV\ k-^h/^-y^M 
Lfc 0 *i\ WlSl^* h£r. S i ±£jRT\ 20 

.1: 9 RV&O. 52mni45i5Cdc8L 
fc. Zfcl^ 12 0t/18 0^t"<-^l:ftV\ US?* 

^ttg^jti^i l-t, BBfMtl&Jg^^-fr-E S P - 

1 0 O^rPfilfcLTlHie^Lfc^, 8 0t/12 0# 

7. 4 ji C/cm 2 T*JSil^tT4ofc 0 8 0t/ 

1 2 0g>T-PEB5rtTofcO*> v IfcfcSr/B^T&mi&lt 
■EfcMS, I^TTMAHT^PIKS GlCSOSflstfc 
MNMD-W) Zm^XUi/X h'<* — ><D&&i:fio 30 
fc„ ^rtf)*^ 01 2IC^"T± ^i, **JO. 2/xmOE 
B ^"*-^£#£: 0 

[0 0 7 5] l2©l/yXFWl:St5llgi 
6~1 3Ico^tI5I9?1--5o 

*l^$/?KW3:loJ;U { KWl<7)2 Ow t : Ztl 

?H 1 0 O g {ClM* : 4 0 0 g £*D;t, tfit 6 &ffi|ft 
ftig^U /Kil fcT-/PT-fe^— A-$g!KW3, KW1B 
5 w t VoTkmmZZtlWfttz* 40 
[0 0 7 6] nmffl7. I2©l/y^ httftb LT, H 

/ur^=>-;umm. y^fom&mm (b* 

MfttiJL ijK^d^ws500) , xj-ui'-mfc-? 

W (ARCO chemical ttfiL S 

MA10O0 x 1 4 4 0H) SrJBv^C, ££09 6 £13$ 
dL-C Zil^tlff) 5 w t %*i§?££®fc 0 
[0 0 7 7] HiS#l8. $2©l/y^ Wfit LT, 1 

Km ^^^3 70) : lOOgi 50 
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iifck : 7 8 0 g , IPA:40g Sr^fiKlT 6 tiffflmW 
filOwt 7 5 ^*S«Sr» 

fc. 

[0 0 7 8] Hi£#J9. 3?2CDUv^ rTOi: LT> 1 

^yxfuylf: lOOg, (N-yh^f^f/l') 
t h'P^f->ifl/Vf| : 1 0 0 g, N-* h^^f" 
A'RSi : 1 0 0 g <PK. Ztl^tl, : 8 6 0 g, I 

PA : 4 0 g^Sfi{iT6^*^^L, ^Mft, 

[0 0 7 9] Hi£0ijl 0. t&2*>Ui?* KTO^LT, 

160gt, HJ£#j8Tit/t^ R-^fp-W7; 
>7k^?g : 2 0 g , M7k : 2 0 g fc^ST 6 B#fiSHf #}g. 

[oo8o] mmmi 1. ^2<7>us;* nm-tLx, 
i60gc, HlE«9-e»fc (n-> h^-wf/H y 

h^>^U>Sil*«tt: 2 0g. (N-^ h=3f->^ 
TvU-) tKn^rv-ifl/VSI: 20 g> N-^ h^r> 
/ 3-^%% : 2 0 g <plr, Zih^fr, *E7k : 2 0g?:i 

[00 8 1 ] £i£0>Jl 2. f2©u^7, hWf4t Lt, 
£iS0!l6Tiffc*y t'=/UT-lr^— yKDKW3 7KSjS : 

160gh *JfiW9T»fc^ h^->^^i-^**^ 
fOlOg, 20g, 3 0 g £M* : 2 0 g Z^HZtl 

^Sf^SSi 5 , I^J 1 1 w t 2 0wt% 2 7wt 
[00 8 2] HJ£0iJl 3. ^2(01/^^ K £ Lt, £ffi 

99 6 r-#fc 5 w t y 

OlOOgt, H160iJ 7 -C#fc7k^tt^)!g^C 5 *>. 
# y f=^T^ = ~/^8§© 5 w t %7K^5r 0 g , 3 
5. 3g. 7 2. 2g^L> ^STT\ 

m&Lx. ^y \?-*7±*-/\'ffimk#v m-jvt* 

[oo8 3] m^, WMisi/x h'<?->Bi$.o)ni&w 
i4~2 2ico\,^xmm-rz> 0 

*J£0J 1 4 . £J£0iJ 3 X%tzW, 

MtitetltzS i -7^^n-±^. £JS0iJl 2tmi2© 
U^m»tr, iTL> ^t°^3-FLfc^. 85t 
/7 0#T-;/y-<-y-£m\ ^2©l/yx hB15rJf^ 
Lfc 0 not/gotti + yy^-y (m 
B) S:ffv\ a5*Rl£*ritfT$-ti:fc. 
rmtfl«rtT^. ^%ffi)itrm«k»ttb. «c< 9 0t/9 

^i-ivic, |20^W^-yWW:. mi 
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[0084] nmm i 5 . ms^ 2 twcss 1©^ 

TU ^f>3-at8, 8 5 < C/7 0g>T-7 p y'<- 

JC X 15 0t/9 0fK*^->y^^ (MB) £ff 

ffV\ 3f3£iKJgfr£fei«KU fV^Tl 10t/9 0&- 
H-<-^^fT?ri{cJ:"5 x 01 3 ic^Lfcl,© 

>±.£9i2<Dl'*Jx H«lt»(tLfc. 0131^1" 
S2©Uy^ h^^-^ro*-A'SSraiS»0f t LT. 20 

BUtD^lCOO. 4 y miDl"^ h*— /U/^ — V-y^ X 
^ffi83fc«r?Tofc»^|cH:» £}0. 14^m, <£ffi 
•*4rtTfo3iei>*^^tt. *^0. 1 1 ^m«/MTt» 

10 0 8 5] 1 6 . 2 X-mz-W, 1 tO 30 

fei&*m2<nui>x h k Lxm^tc %2(Du¥*yvs 

10 5t/9 0g>, 11 5t/9 0a 12 5t/9 0 
^EiSW^ttt-; *-»'^- ; !' (MB) 

3R«SI*a.*«ll!IL, IV^T9 0t/9 0gre*K* f"< 
-^SrfT5-tl=±9. 01 6|C^i-i9{-, SBirou 40 
i^x F/^-y±tl2©^y7 MgtKH£JBl£Lfc. 

ftiftU, 7^-? (MB) cDi&®£^;L 

tz 0 :oess:lili7©f-^i:*t. |g 

Sg0iJ2T-JB}5!tL/cO. 4 /imt^'©*-^/^-^ 

US*-;— x<?>yj xa\ SgilfMroi^y^ h/<* 
— Eli 5ir»/jN$ixrj3*), *<7>Si 50 
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©^t^b, MB J: 9. 
[00 8 6] m&Ml 7. HiS0ij3T-#*:JSl ©t-v* 

wmx'^u>mm<Dm&ftgtezfe&mwi$:m2<oi' 

h Lfcfc, 8 5t/7 0#T/y'<-^i:if 
l\ l2©U^H^Lt„ Jfcfc, 6 5t/7 0 
g>+l 00V90#f5^-»^-^ (MB) Srfi 1 

l\ U ^l^T9 0 < C/9 0#T'# 

firovy^ Y'<9—>±.\z.%2ir>i>*?x bmm 

3 T*7FM Lfc#) 0 . 4 jimt^X©*- /U/-^ — > 

cortSfi, 01 8fc^i-J; 5fc«/h£ivr*i9, ^©*§ 
**Wt, *«tt*«?RI©S^*iSiiaoi-5 IS < ft 

t-itK »l£S<*ffiKJ£©«!l»a^ig-eife5r. 

[0087] mmm 1 8 . nt£«i 3 x-ntzm 1 © ^-v 5 ^ 

(N— ^ hdrC/^^/b) t Kndfi/oi^u^*, N- 
^ h+v-^^/l'R*(7)?g^^^^2©l^v ! ^ hkLX 
m^tz 0 3&2ff>i"?xbWm:ffiTL. xt*y 3 -hL 
fcm, 8 5^/7 0^T7°y-<-^^ffV\ *2©Ui? 
^ KBteJ&dcL*:. ftlC. 6 5*C/7 0S>+ 1 0 0*C/ 
9 0#f;^yy^-^ (MB) 5B«»ESr 

tfefSKL. «^T9 0*C/9 0#T^^ h-<— 
^.ttdii). mi 3tc^L^l,©i:[^a{r, %l<DUis 

ffikLx. ^m^mm^m^x, immtetimws 

-•7VK'*-f. -tWS*, *iS^J3T-ffML/c^0. 4 
y m-y--r XcO/1-x— /V/<# — yaiWm-is Ell 9^7fs-fi; 
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10 0 8 8] HiS^l 9. %m&4X'ft1tft\<Dl'iSx 

v-frT±f-/u&mm, mmmi im# 

fflWc. ^20)1^* MmSrSTU ^fyn-H 
fc&, 8 5t/7 0#-C7'y-<-^4rffV\ fS2©U^ 10 

(MB) 5rtTV\ JB*R£S:fTo;fc 0 ft 

t^2©v^ h/^-vro*— /ism&m^wit l 

Lfc#)0. 3 /i mfiOl/v;^ h/"?? — i'lMXtt, 02 0 

l!i*1-J:5K«/hS*tr»9, ass 
*tJ;9liasB*?)*L5. rcri^t), 3tflgJWiii9 

[008 9] »^0>j2o. mmm5xmitmi <dw* 

h^->^l^R*^*^£3§2Wl^* h t LX 

fzm. 8 5t/7 Of^T-Xy^-^^ff^, «2©uV 
xhilrMLfc. ftlc. 10 5. Il5t/9 0&1f 
5=^r-»X-<-^ (MB) 5g«SJCSrtTofc Q 

U ^v^T9 0 c C/9 0#T-#^ h^-^Srtr^rtic 
J: 9, @l 3|c^-t-j;9i;. S§l»t-i?;* h/^->± 
Icg^OUv^ M£1i£JI£JFML7c 0 Ill 3|c^"t^2 

ffyu-j^h^^-xD^—^m^mMmmtLx, 40 

Uisx Y/<9->-*4 XfcJMELfc. :o8**S2 1 
0. 2 mf/fXroi/-^ Y'<9 — IstD-fJ X|±, @2 

llc^i-J: blzm^ZtiXis*). 

#is[roiiv^ MBfiS«>av^i9lia«»»P>ix5. 
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[0 0 9 0] HSgfltJ 2 1 . HJ£0*J 2 X&tzm 1 O 

PMfftfl. 5 0/iC/cm J ^88WLfc„ ftiC, Hlfc0<J 
1 lT-#fcjJ?9 t*^/U7^-/M8J)§*&® 

U ^tVa— h«rfrV\ iV x t> 8 5t/7 0#tX 
t« 12 0V9 0#T-i*->y^-? (MB) £tf 

t\ ?Hgffi£&£tti(IKU igK 1 1 or/7 OgrC* 
* F^-^^ffUiCJ;^ 01 3{c^Lfctcoi:l^ 

^ h*«BIS:^]4Lfc. 01 3lc*ti2«i^^^ 

?-><D*-M£*mmmffikLx, m.*m<omto&# 

-ls*M X$rS9^L/c„ r»gf^02 2 0X-X/WC 
^-Wfe*. llffi^T-ffMLfci^O. 4/miWI/ 

-yu-y-^ X<oJ§/hdiJLbii&A>o£: 0 Z<ozbfrh, w 
kti9, JStt L-tc®ft(Ds<?->X'te. EUtW±Ktt 

v^fc*. avwift^^ h^^^->-<D^^xsij^i#oitg 

[0 0 9 1] Hi£#J 2 2 . HJ£0iJ 2 X'Wz% KOU'J^ 

0 2 3l^ti5^1©^ Y'<9 
L7c„ ftfC, ^J£j?ijl 2T-»fd^2(OU-v : ^ htff4^. 

aSTL, ^tvn-nti, 8 5t/7o#fXy-< 

-^Srffofc^, 10 5t/9 0#f^>y^-<-^ 
frm\ **««Sr#E*-CS«iWBIU ftv^T9 0V 

Yy<?~-y±i<cm2<Disi/xYmmm : kj&f$.Ltz 0 $h 
kl % ^v^^r£u$:m^xTtm\m*^v3->y 

lO^ Y/<?->$: : l&f$.Ltz'}x.^— |cov>Tt>l^ 
1^012 4 (a) irittSe LT, *ISW^iiffltfc« 

^•ictt, 024 (b) , (c) ic^-t£?\cftmmm 

[0 0 9 2] 
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fc#T-#, Sfc*^— 

[01] r©5SWroH16«>}Ktii©v^ h/^-v 

[02] Z<D%m<DMM<DMWil<Dl>'i;z. hs<f-^ 
[03) Z.<D%W(Dni&(DJimi<nUi>xts<?~y 

[05] Z(0&m<Dn&<Oj&Ml ©Uy^ h/^-> 20 
J&ffcfr ft SrtftW-f 5 *©Ig 7 n -0, 
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[07j z<D%w(nnmmmi<DUi?x h'<?-> 
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[09] ZlD^m<Dm^.(Om^3<DUiy^ hy<^~> 

[010] ^0355W©3llfeMK 2SU<3lc:fcl-t5m 30 
i rowv 1 ^. — >„ 

[011] ^K>3BW0Hlfifi|(4JC*5^5»l©^5?^ 

[012] ^©|BW©lli6«5|itJtt5|Bl<OU'5?^ 

[013] ;Lro»8©H»Bl 4fc*3tf3S620)l^* 
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[014] C©38W©Hlfi«l 4(C*5Jt5*SttttJi 
■f0 o 

[015] ro^Pj!to^te0iJi 5JC*Jlt583tfl>#M 
[016] w<7>5BWoHlii«ill 6{cJ3»t5S2©w> J 
[017] w<Z>36W©Hi60i|l 6t>li5tt5 5^-»^ 

[018] ^0>*9§©|£lJi0il 7fCfclt5*^ttTO 

-T0o 

[019] i £>£9]£>|llg0if 1 8 SAJgttfm 

0o 

[02 0] i©jig«o^lMi 9£:tett3*j£f4im 

[02 1] ^O*WOHlfi«2 0IC*5^5*gttttfl. 

0„ 

[02 2] w(D^P^C0^Jfe^j2 lK*5ft5«^-H«B|* 

0„ 

[0 2 3] r<o5S^HJi^2 2lZisnZ%i2<DUi/ 
[02 4] r<O^^W^Ji0<j2 2tfc*^5Tfl6*ftBI 
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1. 11, 2 1 glCDUv^K la, 2 a, 3 a 
|l«l'-y>(-^-> > 2, 12, 22 %2(D 
Isi/Xb, 2a, 12a, 2 2a W.invJ^Y^ 

3 ^jg^sffi wm&mtt) . 4, i 

4, 2 4 Sgjgg. 
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